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I. INTRODUCTION, OBJECTIVES, AND 
METHODOLOGICAL APPROACH 
Turkey, once the capital of an empire, now seeks to 
accelerate its development so as to provide a European stan­
dard of living for its people. Currently per capita income is 
in the range of $350 to $400 per year. This compares with 
(1969) levels of $840 in neighboring Greece and $2,190 in 
West Germany, where many Turkish workers live (69). With 
an annual population growth rate of 2.5 percent, it will 
require a major coordinated effort for Turkey to sustain an 
economic growth rate significantly above that of popula­
tion. Past development plans, which were thought by Turkish 
authorities to bs major efforts, have failed to reach many of 
their modest goals. 
In past plans, the agricultural sector of the economy 
missed its goal more than the other sectors did. Early plans 
called for agricultural exports to finance capital imports; 
however, adverse weather conditions often forced Turkey to 
import foodstuffs rather than export them. Until this year 
(1973), Turkey had been lucky in that the world had a grain 
surplus so that food, especially cereals, could be imported 
without expenditures of a great deal of foreign exchange. 
That is, the majority of its cereal imports during the last 
decade have been from the United States under PL-480. 
Within the agricultural sector, wheat is the most im-
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portant crop. In fact, Turkey ranks among the world's top 
ten wheat producing countries (70). However, wheat produc­
tion in Turkey shows a large degree of variability, much of 
which is due to weather conditions on the Anatolian Plateau, 
the major production area. This variability is reflected in 
Turkey's import requirements, which during the I960's ranged 
from none to a high of 850,000 metric tons. Since 1954, most 
of Turkey's wheat import needs have been supplied by PL-480 
shipments from the United States. 
A. Problem Area to Which This Study 
is Directed 
Imports under the PL-480 program have important implica­
tions for Turkey's economy as a whole and for the agricultural 
sector in particular. Turkey operates under both short-
and long-term development plans calling for development of the 
different sectors of the economy. Imports under FL-4SG have 
direct effects on supplies and prices of agriculture goods. 
These effects are very important, but their importance may 
be surpassed by secondary and tertiary effects on other 
elements of the economy such as the money supply, balance of 
payments, public and private investment, inflation, and 
political stability. Direct effects on the agricultural 
sector may involve a lowering of prices and consequently a 
lowering of the incentive to produce a particular commodity. 
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A complete study of the direct effects of PL-480 on agri­
culture would have to face the problem of how imports under 
PL-480 affect different commodities in different ways. For 
example, imports of barley may have little effect on the farm 
price of barley because so little of it goes through an organ­
ized market, while imports of cotton probably would affect \ 
the cotton market immediately. As a consequence, a complete 
study of the direct effects of PL-480 imports has the potential 
of becoming a very large study in countries where a wide 
variety of commodities are received under PL-480. 
The scope of this study was limited to an analysis of the 
direct effects of PL-480 wheat imported into Turkey. Wheat 
was chosen for the analysis because it has been the major 
commodity imported under PL-480 and it is the single most 
important crop in terms of value in Turkish agriculture. 
Other cereals were eliminated from the analysis because 
their import levels have been small. Through 1972, only 
200,000 metric tons of barley had been imported, compared 
with 6 million tons for wheat. Imports of rice have been 
even smaller than those of barley (150). 
B. Objectives of This Study 
The problem of ascertaining the direct effects of PL-480 
imports has been studied in the context of various countries 
throughout the world, particularly India, but few studies have 
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been directed at Turkey. The problem is basically one of 
tracing the impact of PL-480 wheat imports on Turkish domestic 
supplies and subsequently on price, with emphasis on how the 
resulting price changes affect future production. Lawrence 
Witt suggests this as an area of developmental policy re­
quiring more research (160). 
The basic objective of this study is to provide an esti­
mate of the effects of PL-480 shipments on domestic production 
in subsequent years. Such knowledge is of value to policy­
makers in recipient countries. For instance, if PL-480 im­
ports cause large production shortfalls in the future, one 
policy will be implied. However, if PL-480 imports cause 
little or no reduction in future production, then a different 
policy is called for. Thus, as an extension of the objective, 
there will be a brief commentary on how the conclusions reached 
are applicable to Turkish development policy. 
One aspect of any PL-480 policy discussion involves the 
matter of timing. In the past two decades, Turkey has com­
pleted its wheat harvest before public officials were fully 
aware of the magnitude of the shortfalls in wheat production. 
Thus, the secondary objective of this study was development 
of a more adequate forecasting model for Turkish wheat produc­
tion. This objective was easily met because as part of 
construction of a production model, it was necessary to 
isolate the effect of weather on wheat production. From that 
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point, it was a simple matter to extend the work so as to 
provide the capability to make a June forecast of the size of 
the forthcoming wheat.crops. 
C. Methodological Approach to Analyzing 
the Problem^ 
One of the principal functions of applied research is 
the identification of a problematic situation which involves 
confusion, conflicts, uncertainty, or any combination of the 
three. Once the problem area is identified, it can be further 
clarified in terms of the gap between what exists and what is 
attempted. Upon delineation of the gap, the objective switches 
to identifying and evaluating alternative courses of action 
for closing it. Although the scope of the major part of this 
study is limited to the evaluation of past policies, an at­
tempt was made to specify and discuss a feasible alternative 
Concerning the effect of PL-480 shipments on future 
Turkish wheat production,- the gap is in terms of how much 
PL-480 shipments have affected price and how much the price 
changes have affected production- The problem is compounded 
by the fact that inflation, population growth, and government 
sponsored development programs have coexisted with the PL-480 
program. To bridge the gap caused by the lack of knowledge, 
this study accepted as a working hypothesis that increased 
^This section is based on reference (141). 
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supplies (PL-480 imports) in the face of rather stable demand 
will have a depressing effect on price, which, in turn, will 
tend to depress production. 
Regarding the secondary problem area, this study accepted 
as a working hypothesis that an excessive lag exists between 
the time that production estimates are needed and the time when 
they are made available. Officials of the USDA have indicated 
that the gap is 2 to 3 months and that shortening or closing 
this gap would greatly facilitate developing a program in 
years when it is needed (84). Closing the gap is essentially 
a methodological question since it involves generating 
earlier production estimates, something which may not be 
possible with an acceptable degree of accuracy. 
Failure to construct a supply model as specified would 
mean that the primary hypothesis could not be tested. An 
acceptance or rejection of the working hypothesis would be 
a contribution to economic knowledge in that it would result 
in further insights into the function of food aid within the 
framework of developmental economics. 
D. Plan of This Report 
The general framework used to explore the problem and to 
test the working hypotheses consists of a discussion of 
Turkish wheat production, a review of PL-480 operation in 
Turkey, a review of some of the theoretical considerations 
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involved, a review of previous studies on the subject, and 
construction of a production model and a food aid model. 
The final section of the report reviews past policy and 
discusses some present policy alternatives. 
The chapter discussing the place of wheat in the 
Turkish economy covers the geography of production and some 
of the physical aspects of \fheat production. Included is a 
general description of the cr pping pattern, fallow, rota­
tions, growing methods, farm size, and marketing methods and 
channels. The discussion also covers consumption and trade. 
The discussion of each topic is, of necessity, very brief; 
though the more important topics are discussed in greater 
detail in the two chapters on model building. 
The chapter on theoretical consideration of supply 
analysis first discusses the place of model building in 
economic analysis. The second section of the chapter discusses 
supply theory, including a sub-section on the place of weather 
in the economic analysis of supply. Also included is a review 
of previous attempts to use weather as a factor in supply 
analysis. The fifth chapter discusses the theoretical as­
pects of aid in the form of food as it relates to domestic 
production. Here again, a review of selected studies that 
have attempted to quantify the relationship between food aid 
and production is presented. Most empirical studies have 
involved India and Pakistan, although more than 60 countries 
have received PL-480 shipments since 1954, when the program 
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was initiated. Actually, if all sources of food aid, such 
as the United Nations, are considered, the number of recipients 
is much larger than 60. 
The major portion of Chapter VI, which is concerned 
with the construction of the production model, consists of 
identification and tests of the specific economic and non-
economic variables which affect the level of wheat production. 
Test runs were made to determine which if any variables 
(especially weather) could be eliminated before they were 
incorporated and tested in the final model. The tests were 
made against both economic and statistical criteria. 
In constructing the production model, the basic plan 
was to do as little aggregation as possible during develop­
ment so that regional differences could be identified. How­
ever, at some point it was necessary to aggregate the infor­
mation sufficiently to enable development of a national model. 
The information which resulted from development of the 
supply model was incorporated into a food aid model, which 
was a simple supply-demand model of the Turkish wheat sub-
sector. The results from development of a food aid model 
indicated both the size and flow of impacts from PL-480 food 
imports. A second section of the chapter compares the re­
sults from this study with those from other related studies. 
Chapter VIII reviews past and present development poli­
cies of the Turkish Government. 
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Chapter IX summarizes the analytical sections and dis­
cusses some inferences for future operation of the PL-480 
program. Also problem areas needing additional research are 
suggested. 
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II. HISTORY AND OPERATION OF PL-480 
IN TURKEY 
A. Economic Background 
The history of modern Turkey starts with its transfor­
mation from the Ottoman Empire into the Republic of Turkey 
following World War I. At that time, the country started a 
drive for industrial development. The first economic policy 
plan called for balanced development of industry, agriculture, 
and transportation. However, by 1940, the emphasis of policy 
had changed so as to focus on the industrial sector as the 
key to development. World War II brought domestic food and 
fiber shortages, which forced the Government to turn its 
attention back to agriculture. The next event of economic 
significance occurred in 1947, when international aid was 
initiated. Although many international organizations started 
providing aid and credits at about the same time, the bulk of 
it originated in the United States. In 1950, the Turkish 
Parliament set into motion a package of policies and laws 
to encourage foreign investment. In conjunction with that 
package, an Industrial Development Bank was created to give 
long-term credit to industrial enterprises. That bank was 
one of the first to act as a commercial bank rather than as 
an instrument of the state. 
In addition to development aid, other events outside 
Turkey had an influence on Turkish development policy. During 
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1946-50, Europe was in dire need of food, and that need was 
reflected in the international price level for agricultural 
products, including those from Turkey. Thus when a new 
administration came into office in 1950, it adopted the pclicy 
of actively encouraging agricultural development. That policy 
contained measures for more liberal credit, better price in­
centives, investments in mechanization, and some tax exemp­
tions. At that time, Turkey possessed underutilized land 
and labor resources, with the result that development pro­
ceeded very rapidly without much inflationary pressure. It 
should be noted, though, that 1950-53 were years of good 
weather, especially in the wheat growing areas. 
The 'run' of good weather ended in 1953 and was followed 
by an extremely dry year. Coincidentally, 1954 was the year 
that the PL-480 program became operational in the United 
States. Thus, on November 15, 1954. Turkey became the first 
nation to sign a PL-480 commodity agreement. The agreement 
had a dollar value of slightly over $22 million. Payment 
was in liras, with 50 percent available for trade and develop­
ment projects sponsored by the Turkish government. The re­
mainder was reserved for use of the United States. 
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B. Foreign Trade and the Balance 
of Payments 
Following World War II, Turkish import levels began to 
increase rapidly. Some of the imports were capital goods 
which were planned to be a direct aid to development. How­
ever, imports of consumer goods also increased very rapidly, 
with the result that even with expanded export levels, only 
two-thirds of the import cost would be covered by foreign 
exchange earnings. After 1952, credit availability became 
a problem so that consumer imports had to be cut back. Most 
of Turkey's exports are from the agricultural sector, so the 
poor crop of 1954 put even more pressure on the balance of 
payments. If PL-480 had not been available, it is probable 
that even more pressure would have been exerted to cut im­
ports, and that some of those cut would have been critical 
capital goods. On the other hand, before giving PL 480 too 
much credit, it might well to examine how the Turkish Govern­
ment reacted to an earlier short crop. The 1949 crop was a 
disaster, 2.5 million metric tons, compared with 4.9 million 
tons a year earlier. The Government estimated the market 
shortfall was 1 million tons and this was to be compensated 
for by; 
(a) raising the milling rate to 90 percent for a 
savings of 150,000 tons, 
(b) making cash purchases of 315,000 tons. 
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(c) requesting a $20 million grant-in-aid from the 
United States to buy 200,000 tons, and 
(d) imposing mixing regulations making it mandatory to 
mix rye in the milling mix. 
As it worked out, for the 1949 marketing year only 
336,000 tons of wheat were imported, which indicates that 
consumers — especially urban consumers — substituted other 
products for some of the wheat in their diets. 
C. Implementation of PL-480 
As mentioned, following the poor crop of 1954 the Govern­
ment of Turkey signed a PL-480 Title I agreement to import 
grains and fats and oils. That agreement was unique in 
several points. (1) It was the first PL-480 agreement signed 
anywhere, (2) it was very general and very brief, and (3) 
coarse grains were the principal product to be imported. The 
value of the agreement was $21.5 million plus transportation 
costs. A second agreement was signed the following spring 
and a PL-480 agreement of one sort or another has been in 
effect every year since then. 
The total market value of shipments under Title I 
through July 30, 1972, was $550 million (150). Of this, 
$365 million were for wheat and wheat products. The next 
most important category was vegetable oils, which accounted 
for approximately $125 million. The remaining imports in­
cluded coarse grains, meats, cheeses, tallow, and other 
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agricultural products. Quantity-wise the shipments included 
just over 6 million tons of wheat and over 400,000 tons of 
vegetable oils. In most years wheat imports were made to 
supplement short crops and as such were relatively small. 
Imports in 1961 were an exception in that the short crop was 
so severe that very large purchases were necessary. The 
result was that PL-480 wheat supplied over 10 percent of 
domestic disappearance for the 1961-62 marketing year. 
In addition to Title I, Titles II and III were also 
operational in Turkey. Title II disaster relief is active 
during and after national disasters. The biggest year for 
Title II was the 1961 drought year, when many areas required 
relief. Title III provides food to organized charities, who 
distribute it. Two major organizations that work in Turkey 
are UNICEF and CARE. Also under Title II is the Barter Pro­
gram, which Turkey has participated in from time to time. 
Chrome ore is Turkey's most important export under the 
Barter Program. 
D. Operation of PL-480 
in Turkey 
Since Turkey has been a very active participant in the 
PL-480 program, negotiating a new agreement follows a fairly 
standard procedure. The initiating agency is TMO, the Soil 
Products Office, which is under the Ministry of Commerce. 
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TMO's duty is to estimate cereal needs in light of yield esti­
mates, stocks, prices, and demand in the urban areas. Esti­
mated import needs for meat and fats and oils have their 
source in the Meat and Fish Corporation (EBK), also under 
the Ministry of Commerce. These estimated needs are for­
warded to the Ministry of Commerce, which evaluates the re­
quest as it relates to other areas of the economy. If the 
Ministry of Commerce finds the estimates satisfactory, they 
are sent on to the cabinet. The cabinet makes the final 
decision and if import assistance is to be requested, a 
delegation is appointed to negotiate the agreement. 
All PL-480 imports into Turkey are handled by TMO and 
EBK, both semi-official Government corporations. TMO is by 
far the larger, handling all cereal imports and some vegetable 
oil imports. Both have roughly similar functions and responsi­
bilities which at times conflict because both corporations are 
charged with maintaining adequate supplies at reasonable 
prices to urban consumers, while at the same time ensuring 
an adequate income for the farm population. To do this, 
they set support prices and maintain buying stations, storage 
and processing facilities, and port facilities. Both also 
hold import-export monopolies. 
For cereals and oils, private traders exist side-by-
side with TMO and EBK. These traders may buy from or sell 
to the farmer, TMO, or each other. TMO is not generally in 
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the retailing business since most wheat is sold to either 
municipal or private flour mills. In some cases, cut-rate 
sales are made in areas of severe deficits. Meat trade fol­
lows the same general pattern; however, some retail meat shops 
are maintained to ensure both price and quality. Commercial 
imports and PL-480 imports are handled in the same manner and 
use the same marketing channels as the domestic product. 
E. Development Effects 
of PL-480 
A detailed study of the effects of PL-480 on the Turkish 
economy is beyond the scope of this paper. The analysis here 
is limited to the effect of PL-480 wheat imports on domestic 
production of wheat. However, because that one phenomenon 
has implications for development, it may be well to review 
some of the other effects of PL-480. The major source of 
these conclusions is a study by Restât Aktan et al., who 
attempted to analyze the effects of PL 480 shipments into 
Turkey (2). 
Before further consideration of the total effect of PL-480 
imports on development, it may be well to review the present 
stage of Turkish development. Turkey's per capita income of 
approximately $350 places the country at roughly the medium 
of all reporting nations. That is, Turkey is neither among 
the richest nations nor the poorest nations. Being in the 
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middle, Turkey possesses characteristics of both types of 
economies and has some of the advantages and disadvantages of 
each. 
Probably the most important characteristic Turkey shares 
with most of the poorer nations of the world is the race be­
tween population growth and income growth. In recent years, 
Turkey's GNP has been growing approximately 6 percent annually; 
however, population also has been growing at a high 2.5 per­
cent rate. Thus, though national income has been increasing, 
the rapid rate of population increase negates much of the 
total growth so that per capita increases have been much more 
modest (69). 
The rapid growth of population means that Turkey must 
carefully consider how various actions affect development. In 
this light, the general conclusion of the Aktan study was that 
PXj—"430 has been a development a%d principally through its 
effect on foreign exchange. That is, PL-480 imports freed 
foreign exchange so that curtailment of imports of capital 
goods was not necessary. In addition, the PL-480 program 
allowed the development policy to operate consistently. 
Without PL-480, it probably would have been necessary to adopt 
some sort of a crash program for agriculture. 
On the other hand, possibly the situation can be viewed 
as one where PL-480 bailed the government out so that it didn't 
have to make consistent long-term development plans for the 
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agricultural sector. Heady and Timmons suggest this may be 
one of the major faults of the PL-480 program (61). 
A second factor regarding PL-480's effect on development 
is the use of counterpart funds. These payments (actually 
allocations) did not start until several years after PL-480 
shipments due to bureaucratic delays. Thus, the first loan 
for economic development purposes was not made until 1960. 
The Aktan study concluded that although these loans were a 
significant part of public investment, most of the loans were 
not really new investment but rather represented funds for 
maintenance and replacement of existing capital stock. How­
ever, it is likely that if PL-480 funds had not been avail­
able, a transfer of other government funds for these purposes 
would have been necessary. Thus, they probably represent 
new investment after all. 
Only a limited member of private firms have borrowed 
funds under the Cooley provision of PL-480. The Aktan 
study .concluded that Cooley funds were used well. In fact, 
they were used more efficiently than the average for Turkish 
investment in the same sector. The study also concluded that 
the funds were used efficiently as a means to create employ­
ment. A third general effect of PL-480, about which one can 
only speculate, is the political effect. On the whole, it 
seems probable that because PL-480 imports increased the food, 
and especially the wheat supply, they have had a stabilizing 
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effect on Turkish politics, usually considered a positive 
element in a developmental framework. 
F. Effects on Agricultural 
Development 
Although this study focuses on the effect of PL-480 ship­
ments on wheat production in Turkey, PL-480 has had an in­
fluence on all of agriculture in Turkey. Heady and Timmons 
suggest that one of the effects of PL-480 exports may be that 
it allows benign neglect of the agricultural sector (61). 
It seems likely that in Turkey this very thing has happened. 
Turkey's agricultural sector employs over half the work force 
and during the I960's accounted for approximately one-third 
of the GNP. However, only 17.7 percent of the investment 
called for under the 1962-67 development plan was directed 
toward agriculture. The comparable figure for industry was 
44.6 percent. The targets actually realized were 15.4 and 
46.0 percent, respectively, again indicating the lack of 
emphasis on agriculture. The target for the second 5-year 
plan (1967-72) set the investment target for agriculture at 
15.2 percent of the total (99). 
Both plans estimated that growth would be slowest in the 
agricultural sector. Not only was realized growth in the 
agricultural sector the slowest over the first plan, but the 
agricultural sector also missed its goal by the widest margin. 
Under the second plan, agriculture had a larger realized rate 
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of growth because the full impact of the new wheat varieties 
which were introduced and distributed after 1967 took place. 
The effects of PL-480 on agricultural prices are dis­
cussed in more detail in a later section. All that can be 
mentioned here is that in the early years, (as reported by 
Aktan), no price effects were discernible. However, for the 
period 1954-69, the index of cereal prices rose less than 
did the wholesale price index, indicating that PL-480 may have 
held down food price inflation (2). Also, that food prices 
did not get completely out of line after the extremely short 
crop of 1961 implies that PL-480 did give stability and act 
as a price depressant. Thus, one conclusion may be that PL-480 
PL-480 imports did serve to counteract the general inflation­
ary tendencies—which, though it may be hard on farmers, 
increases the stability of the rest of the economy. 
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III. THE ROLE OF WHEAT IN THE TURKISH ECONOMY 
A discussion of any of the major crops which make up 
Turkish agriculture must consider some of the factors that 
are unique to Turkey. Even in a study such as this, where 
the focus is on a single crop, it is necessary to consider 
the interrelated factors that determine the production en­
vironment. Thus, a brief discussion of crops, soils, climate, 
topography, and cultural practices is in order (23). 
A. Physical Features that Affect Agricultural 
Production in Turkey 
Turkey can be divided into four separate sections for 
agricultural purposes. The central part of the country is a 
high plateau named the Anatolian Plateau. The southeastern 
section of the country is another plateau that extends on 
into Syria. The northeast is mainly rugged mountain ranges. 
The coastal lowlands, the fourth major area, surround the 
country on three sides. 
Conditions for crop growth on the Anatolian Plateau are 
marginal. Rainfall varies from 30 to 40 centimeters annually, 
with most of the precipitation falling between September and 
June (Figure 1). Normally, May is the month with the greatest 
precipitation. Precipitation during April, May, and June, 
the critical months for wheat, averages 3.4, 5.0, and 3.1 
centimeters, respectively at Ankara. Konya, the other major 
Figure 1. Turkey: Precipitation and temperature 
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city in the area, has an even lower level of annual precipi­
tation. In addition to low levels of rainfall, year-to-
year variations are high, especially during critical months. 
For example, during the 1948-68 period, May precipitation at 
Ankara varied from a low of 1 centimeter in 1949 to a high of 
12.2 centimeters in 1963. The low level of precipitation 
coupled with the large variability results in frequent drought 
damage to crops. 
The southeastern part of Turkey, another plateau, is in 
somewhat better shape in terms of precipitation levels; how­
ever, the distribution is less desirable since the highest 
levels occur during the winter months. Urfu, a major city, 
has an average precipitation of 46.1 centimeters with December, 
January, and February accounting for nearly 60 percent of the 
total. The southeastern area tends to have milder winters 
than does Central Anatolia. 
The northeastern section of Turkey is an area of rugged 
mountains, long winters, and short summers. Although wheat 
is grown, the area is more suitable for livestock production 
than for crops. 
The coastal regions in Turkey which surround the country 
on three sides are better watered, have less severe winters, 
and better soil in most places. Here, industrial crops such 
as tobacco and cotton compete with food crops. High-yielding 
varieties of Mexican wheat are best adapted to these areas. 
25 
B. Soil Conditions Affecting 
Turkish Agriculture 
Most Turkish wheat production takes place on marginal to 
poor soils (Figure 2). The dominant soil type is lithosol, 
which covers approximately 80 percent of the land area and 
which generally is unsuitable for crop production because 
of stoniness, shallowness, and/or steepness. In the central 
part of the Anatolian Plateau and in Southeastern Turkey, 
brown and reddish-brown soils predominate. Brown and reddish-
brown soils tend to be a fine-textured but shallow soil and 
usually occur on a gently rolling topography. They tend to 
be low in organic matter and available phosphorous. 
Economically, the most important group of arable soils 
in Turkey are the alluvial soils, which account for most of 
the area in industrial crops. Alluvial soils are generally 
moderately fine-textured and well-drained. Except for a few 
small sandy or salty areas, most of the alluvial soils in 
Turkey are well suited for cultivation and irrigation for a 
wide range of crops. The new high-yielding varieties of 
wheat are generally grown in alluvial soils. 
A third soil group found in the European section of Turkey 
are grumusols and noncalcic brown soils. Both types tend to 
be low in organic matter. The grumusols are heavy, poorly 
drained soils, while the brown soils are well-drained. Both 
soil types require generous applications of nitrogen and 
Figure 2. Turkey; Soils 
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phosphorous fertilizers to be productive. 
C. Land Use Patterns for 
Turkish Agriculture 
Turkish agriculture is based on roughly 50 million 
hectares, of which approximately half are cultivated and the 
remainder are in some form of permanent pasture. In normal 
years, approximately two-thirds of the cultivated area is 
sown to crops of one form or another. The remaining third is 
fallowed. In 1967, the area cropped was 15.5 million hectares 
and the area fallowed was 8.3 million hectares. In the same 
year, 12.5 million hectares were considered to be forest land 
and 13 million hectares were considered waste land, a category 
which includes lakes and marshes. 
In terms of area planted, cereals are the most important 
category and wheat is the most important crop. Barley is the 
second most important crop in the country. In 1967, industrial 
crops accounted for 1.7 million hectares and pulses for a 
half million hectares. A fourth category, fruits, accounted 
for a million hectares. Cotton and tobacco, with 0.7 and 0.3 
million hectares, respectively, were the two leading industrial 
crops in 1967. 
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D. Cultural Practices Affecting 
Turkish Agriculture 
Crop production in Turkey is dominated by traditional 
forms of agriculture. There are approximately 3.5 million 
separate agricultural holdings in the country, of which 2 
million are less than 5 hectares in area. Slightly more 
than 750,000 of the holdings are under 1 hectare. Many of the 
smaller farms are classified as subsistent. State Institute 
of Statistics data indicate a total of 75,000 tractors in use 
in 1967 with the potential of cultivating only 25 percent of 
the cropland (130). Census results (distribution by size 
of holdings) indicate that approximately 110,000 of the 3.5 
million holdings are of 20 or more hectares in size. These 
holdings represent approximately one-fourth of the arable 
land. Thus, the implication is that there are only enough 
tractors to cultivate the area in holdings of 20 and more 
hectares (134). 
Compounding the problem of small holdings, inheritance 
laws have lead to considerable fragmentation. Although no 
up-to-date information is available, OECD indicates that the 
situation is still similar to 1950, when only 5 percent of 
all farm families had a farm in one piece. In 1950, the 
average was seven plots per holding. The only place where 
the situation has improved is in newly developed irrigation 
areas where land consolidation has been mandatory (99). 
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E. Regional Aspects of 
Wheat Production 
Wheat is grown in every province of Turkey, with the 
provinces of Central Anatolia accounting for 57 percent of 
total production in 1967. The area defined as Central 
Anatolia consists of Agricultural Regions I, VIII, and IX 
(Figure 3). Regions I and IX accounted for nearly half of the 
total production in 1967, roughly 2.5 million tons each. Re­
gion VIII contributed another three-quarters of a million tons. 
Although precipitation in Central Anatolia tends to be 
near the lower margin necessary for successful wheat production, 
yields there tend to be at the same level as national yields 
(Figure 1). Between 1949 and 1969, the total area planted to 
wheat in Turkey doubled and though Central Anatolia maintained 
its relative share (56-57 percent), growth rates in three 
regions differed. Planted area in Regions I and VIII grew 
more slowly than the national average, while planted area in 
Region IX grew at a faster rate. 
The coastal regions of Turkey (Regions II, III, IV, and 
VII) generally possess more favorable soils and climate than 
Central Anatolia. However, other crops, including high-value in­
dustrial crops, compete with wheat in many areas. Although it 
does not show in either the yield or production data, it is in 
these coastal regions where the new high-yielding varieties 
have proved most successful. These four regions account for 
Figure 3. Turkey: Agricultural regions 
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slightly more than one-fourth of the area planted to high-
yielding varieties. There has been little change in that per­
centage between 1949 and 1968, which indicates that the 
regional growth rate has been approximately the same as the 
national rate. 
Region VI, which comprises the southeastern section of 
the country, has a moister climate than Central Anatolia. 
However, the region's wheat yields tend to be lower than the 
national average, probably because of the poor distribution 
of the rainfall. The region accounts for approximately 12 
percent of Turkey's wheat area, which is an increase from 7.7 
percent in 1949, making the region the fastest growing one in 
Turkey. 
Wheat production in Region V, the northeast section of 
Turkey, is limited by both climatic conditions and topography, 
and, as a consequence, agriculture centers on livestock produc­
tion. The region accounts for approximately 5 percent of 
the wheat area and little change in that percentage took place 
during the 1949-68 period. Yields in Region V tend to be 
lower than the national average. 
F. Cultural Practices Affecting 
Wheat Production 
Since wheat is grown throughout the country and the 
competitive crops differ in the different areas, no general 
rotation can be specified; however, in some localities, area 
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planted to wheat is larger than the area planted to all other 
crops. This indicates that wheat follows wheat ir some 
years. Fallow statistics are not given for separate regions 
so it may be that a wheat-fallow rotation rather than a wheat-
wheat rotation is used. For the country as a whole, the area 
fallowed surpasses the area in wheat, which indicates that a 
wheat-fallow rotation probably is quite common- A second 
rotation which the area statistics indicate may be common 
is a wheat-barley-fallow rotation since in Region I, the 
barley area was larger than the areas devoted to the other 
nonwheat crops. As practiced in Turkey, fallowing is rather 
inefficient because of a lack of power necessary to perform 
timely weed-control tillage operations (99). 
In most of the wheat producing regions, the relative 
level of technology is quite low and mechanization is very 
limited. For example, wooden plows still outnumber those 
made of steel. Tractor numbers have already been mentioned 
as an indication of the limited mechanization. Another 
statistic which indicates the low level of mechanization is 
that there are only 45,000 grain drills in the country — 
most cereals are still broadcast. In 1967, there were only 
8,000 grain combines and just over 6,000 threshing machines 
as compared to 2.2 million threshing sleds. 
A bright spot in the discussion on technology is the «ex­
panding use of high-yielding varieties of wheat. The first 
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importation of the Mexican-type wheat took place in 1965, 
when 40 kilograms—less than the normal seeding rate for one 
hectare—were imported. From that small start, the program 
has grown to over 600,000 hectares. Technological advances 
have been even greater than the growth in area indicates be­
cause the high-yielding wheats require more than just planting 
a different variety of seed. They also involve improved 
cultural practices, especially improved seedbed preparation; 
sufficient inputs of fertilizer; more adequate control of the 
water supply; irrigation if possible; and use of pesticides. 
The area devoted to the new varieties has been limited be­
cause they are not well adapted to drier regions. A recent 
report indicates that improved varieties and cultural practices 
are now available for some dry areas where Mexican-type wheats 
are not adopted (72). 
G. National Policy 
The Turkish economy is guided by a national 5-year plan, 
first applied in 1963. The plan called for a 7 percent rate 
of GNP growth, but allowed the different sectors of the 
ecorr ny to have varying growth rates. The rate for the agri­
cultural sector was 4.2 percent. Turkish planners felt this 
rate was feasible for agriculture to meet and that in meeting 
it, agriculture would not be a drag on the rest of the economy. 
OECD estimates that during the first plan, agriculture 
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achieved only a 3 percent rate of growth (99). In the second 
plan, which covered 1968-72, emphasis was again on industrial 
development and again a 7 percent growth rate was planned. 
Similarly, growth in the agricultural sector was left at 4.2 
percent. If the targets were met, the proportion of agri­
cultural output to GNP will have declined to 25 percent 
in 1972. The comparable figure in 1967 was 30 percent. 
The 4.2 percent rate of increase planned for agriculture 
strongly implies that wheat production had to increase. This 
is because wheat accounts for such a large share of the agri­
cultural product in Turkey. Cereals are the leading income 
earner in the agricultural sector, averaging 30 percent net 
domestic agricultural product, and a value basis, wheat accounts 
for 60 percent of cereal production. Barley is the second 
leading cereal (89, p. 18). 
For the most part, however, an increase in wheat produc­
tion runs counter to most thinking on Turkish land use. Most 
advisors recommend that land be diverted from cultivation to 
grassland because of the low level of fertility and the high 
erosion to which the land is subject. However, some increase 
in cropped area could come about simply by more efficient 
fallowing practices which would permit cropping a larger 
proportion of the land and would give higher yields. The 
second 5-year plan called for a leveling off in wheat area 
and an increase in area of other cereals. If area was kept 
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at a stable level, as planned, production would have increased 
at the same rate as yields. 
Another aspect of Turkish agricultural policy is their 
price policy. The main agency responsible for wheat pricing 
is the Soils Products Office (Toprak Mahsuelleri Ofisi or 
TMO), a state enterprise formed in 1938. TMO operates grain 
storage and receiving facilities and currently has storage 
room for approximately 20 percent of the wheat production. 
TMO's function is to support wheat prices and to ensure 
orderly marketing between producer and consumer. 
Operation of TMO is not fully advantageous to producers 
in that the guaranteed price is announced just before harvest 
(51). There are neither minimum nor maximum delivery quotas. 
The TMO selling price, really the wholesale price, is 6-9 
kurus per kilo above the purchase price. In years of short 
supply, TMO uses rationing procedures to control distribution. 
In addition, TMO is the only agency authorized to import wheat 
either commercially or under PL-480. The farm price, or 
village market price, is usually above the TMO purchase price 
because commercial purchasers must pay a little more than TMO 
prices to fill their short-run needs. Since TMO provides 
storage facilities, millers and other commercial wheat users 
are relived of the necessity of provding storage for all 
their long-run needs. TMO provides price support activities 
for other cereals as well, but it is not nearly as active in 
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the other markets as it is in the wheat market. 
H. Wheat Consumption 
Turkey ranks among the leading countries of the world in 
terms of per capita consumption of wheat. Calculations here 
indicate per capita levels of over 200 kg. annually. FAO 
statistics, based on Turkish production data, indicate a 
per capita consumption level of 173 kg. for all cereals 
(47). OECD studies estimate an annual per capita consumption 
of all cereals at 200 kg., of which 163 kg. are wheat. How­
ever, they add the comment that 200 kg. looks much too high 
when compared with other European countries (99). The FAO 
and OECD estimates were constructed from supply distribution 
tables. 
Robert College, in a consumer survey study, estimated 
per capita wheat consumption at 180 kg. (104: 92). Data 
cited by Robert College showed very little difference between 
rural and urban levels of consumption. The Robert College 
study cites as a secondary source a study by Gunes (60), which 
put per capita consumption of wheat at 213 kg. for rural areas 
and 164 kg. for urban areas—the average for the country 
would be 198 kg. The Robert College study shows a gradual 
increase in per capita consumption between 1948 and 1965. 
OECD suggests the increase may have come at the expense of 
other food cereals such as corn. 
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Table 1 presents a supply-distribution table based on 
Turkish wheat production statistics. Most of the data are 
from official sources though not all of these sources were 
available on a first-hand basis. One very important item, 
but one on which there are no available statistics, is the 
item private stocks, which would include stocks held by 
both millers and by farmers. As calculated, the per capita 
availability is considerably higher than estimated in any of 
the studies mentioned above. Since as shown by the footnotes, 
most of the disappearance items are based on the Robert College 
study, an explanation of how the differences arise is in order. 
The Robert College study suggested that starting in 1948, the 
production figures were much too high and should be reduced. 
Their method of reducing the production figures was to apply 
an arbitrary 4 percent reduction in 1948 and to increase that 
by 3 percent per year until a reduction level of 25 percent 
was reached. In other words, Robert College production esti­
mates in recent years were simply 75 percent of the official 
estimates. Table 1 makes no such adjustment and as a conse­
quence, it results in higher consumption estimates. 
The vastly differing estimates of per capita consumption 
stem from two problems. The first is that consumption esti­
mates often are based on estimates of production which appear 
Table 1. Turkey wheat: Supply and distribution (1946-68 crop years)® 
Year - TMO Total TMO 
June 1 - Production beginning Imports supply Exports ending 
May 31 stocks stock 
(1,000 metric tons) 
1946 3,648 120 0 3,768 196 62 
1947 3,246 62 0 3,308 2 18 
1948 4,867 18 9 4,894 0 147 
1949 2,517 147 336 3,000 0 60 
1950 3,872 60 49 3,981 0 90 
1951 5,600 90 106 5,796 223 303 
1952 6,447 303 3 6,753 593 559 
1953 8,000 559 0 8,559 847 803 
1954 4,900 803 190 5,893 444 121 
1955 6,900 121 316 7,337 256 52 
1956 6,400 52 674 7,126 0 55 
1957 8,300 60 711 9.071 0 400 
1958 8,550 400 129 9,079 319 315 
1959 7,852 315 301 8,468 104 67 
1960 8,450 67 373 8,890 1 72 
1961 7,000 72 1,286 8,358 - 193 
1962 8,450 193 583 9,226 - 129 
1963 10,000 129 371 10,500 - 508 
1964 8,300 508 276 9,084 - 335 
1965 8,500 335 163 8,998 - 144 
1966 9,600 144 308 10,052 - 357 
1967 10,000 357 28 10,385 - 160 
1968 9,520 334 553 10,407 - 99 
a 
Sources - Production: Stocks, imports, exports, (2, 51), feed 
and seed (104). 
Estimated 200 Kg. per hectare planted the following years. 
^Estimated at 1% of production for 1946 and 1947 and 1966-1968. 
^Estimated at 4% of production. 
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Livestock Available ; for food 
Seed^ feedc Waste^ Gross Per capita 
(kilograms) 
835 36 146 2,493 130.5 
907 32 130 2,219 113.8 
800 21 195 3,731 186.6 
895 0 101 1,944 95.3 
958 100 155 2,678 128.1 
1,080 424 224 3,542 164.7 
1,282 483 258 3,578 161.9 
1,281 200 320 5,108 225.0 
1,412 50 196 3,670 156.8 
1,483 160 276 5,110 212.0 
1,431 176 256 5,208 210.0 
1,490 250 332 6,599 258.8 
1,507 239 342 6,357 241.7 
1,540 356 314 6,087 225.4 
1,543 129 338 6,807 244.9 
1,560 50 280 6,275 214.9 
1,570 150 338 7,039 241.1 
1,574 100 400 7,918 264.8 
1,580 0 332 6,837 222.7 
1,590 0 340 6,924 220.7 
1,600 96 384 7,615 237.1 
1,650 100 400 8,075 245.4 
1.730 95 381 8,102 24G.4 
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to many analysts to be too high.^ The second problem is that 
most of the wheat crop is consumed by the production unit and 
knowledge about what the individual farmer does with his wheat 
crop is very limited. Depending on the size of his crop, a 
farmer may add or subtract from personal storage. He may 
increase or decrease his family's level of consumption or he 
may buy or sell in the village market. 
In many areas of the country, marketing outside the village 
is difficult because of limited transportation facilities. 
In addition, the marketing system is not well organized and 
except for the support price, price information is not readily 
available to the small farmer. Wheat that does move past the 
village is usually bought by a middleman who delivers it to 
the central market. The second 5-year plan encouraged farmers 
to set up cooperatives to increase the efficiency of the 
^ ww*»» • 
I. Wheat Trade 
As mentioned in the introductory chapter, wheat is one 
commodity where Turkey may be either an importer or exporter. 
Table 2 shows Turkey's wheat imports and exports on a calendar 
^In addition to the Robert College study. West (156) and 
Kurtzig (83) also indicate official production estimates are 
inflated. However, the three do not agree on the extent of 
the overage. In view of the lack of agreement, the decision 
was made to use official statistics for purposes of this study. 
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Tabic 2. Turkey wheat: Production, trade and domestic supply (1946-70 
calendar years)^ 
Calendar production — PAO Net ^ Domestic 
year Gross PL-480 exports trade supply*^ 
(1,000 metric tons) 
1948 4,687 9.3 - - 9.3 4,876 
1949 2,517 170.8 - - 170.8 2,688 
1950 3,872 214.7 - - 214.7 4,087 
1951 5,600 107-3 - 20.3 87.0 5,687 
1952 6,447 0.8 - 462.3 -461.5 5,985 
1953 8,000 - - 600.6 —600.6 7,199 
1954 4,900 0.7 29.2 953.5 -952.8 3,947 
1955 6,900 222.6 247.6 159.9 62.7 6.963 
1956 6,400 185.4 235.8 176.9 8.5 6,409 
1957 8,300 444.5 704.2 - 444.5 8.745 
1958 8,550 59.7 254.4 33.6 26.1 8,576 
1959 7,852 - - 377.3 -377.3 7,475 
1960 8,450 98.9 389.4 35.3 63.6 8,514 
1961 7,000 856.1 952.9 1.3 854.8 7,855 
1962 8,450 689.6 1,031.3 - 689.6 9,140 
1963 10,000 786.8 489.2 - 786.8 10,787 
1964 8,300 80.8 123.3 - 80.8 8,381 
1965 8,500 348.5 331.8 - 348.5 8,848 
1966 9,600 298.8 298.4 - 298.8 9,899 
1967 10,000 14.2 13.0 - 14.2 10,014 
1968 9,520 16.9 26.9 1.6 14.3 9,534 
1969 10,500 220.7 414.7 - 220.7 10,721 
1970 10,593 897.0 _d - 897.0 11,490 
^Sources (48 auid 147) . 
^Imports minus exports. 
^Production plus net trade. These figures do not exclude stock 
changes, which also would affect supply. 
"The level for 1970 has not been published. 
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year basis as listed by two sources. As shown, there are some 
discrepancies in the data. The most obvious is that reported 
PL-480 imports are more than reported total imports in some 
years. In any case, it appears that since 1954, U.S. exports, 
principally under PL-480, Title I, have taken care of a major 
share of Turkey's production shortfalls. Looking only at 
PAO trade data, Turkey's wheat trade has ranged from exports 
of over 950,000 tons to imports of over 850,000 metric tons. 
Also significant is the fact that Turkey has moved from the 
position of a net exporter, as it was during the 1950's, to 
a position of being a net importer. However, with large 
crops, Turkey exported some wheat in the 1971-72 and 1972-
73 marketing years but is expected to remain a net importer 
for several more years. 
Since reported production has advanced more rapidly than 
population, it would appear that rather than becoming an im­
porter, Turkey should have strengthened its export position. 
However, per capita consumption of wheat rose from 135 to 180 
kg. between 1948 and 1965 (104). That increase coupled with 
the increase in population means that total consumption rose 
from 2.78 million tons to 6.06 million tons over the same 
period, an increase of 118 percent. However, corn, the 
second most important food cereal, showed only a 30-percent 
increase. Thus, it appears that much of the increase in per 
capita consumption of wheat has come about because of substi-
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tution of wheat for other cereals. As a consequence, the wheat 
export position of Turkey has not improved. 
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IV. FRAMEWORK FOR SUPPLY ANALYSIS 
The first step in meeting the objective of this study 
is construction of a wheat production model based on selected 
factors that affect the size of the crop. The second step is 
to extend the analysis to provide a means of estimating 
the effect that PL-480 imports have on production. The 
analytical framework to meet the first step of the objective 
is developed in this chapter. 
A. Model Building 
Observation of economic behavior in the real world gives 
the analyst a confusing mass of facts which in themselves are 
usually relatively meaningless. However, if guided by a 
relevant body of theory, an analyst can classify, analyze, 
and interpret economic observations until the body of data 
becomes organized and meaningful. A case in point is Girliches' 
econometric study of the rate of adoption of hybrid corn in 
selected regions of the United States (57). In that study, he 
succeeded in reducing a large mass of data—hybrid varieties, 
economic variables, acceptance variables, etc.—into three 
parameters which contained nearly all the information that the 
original data set contained. 
An economic model is usually a formal analytical frame­
work drawing its rationale from some subset of the body of 
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economic theory. For added succintness, a model often takes 
the form of a mathematical expression for the simple reason 
that mathematics permits shorter but more precise definitions 
of the assumptions, the working hypothesis, and other rela­
tionships in the model. Also, it facilitates abstraction 
by allowing quantitative estimates of the effects of 'A' 
on 'B' while 'C' is held constant. Karl Fox states that 
although most elements of economic theory can be stated 
verbally, their validity and internal consistency can be sub­
jected to more rigorous tests if the theories are expressed 
in mathematical form (52: 3). Along the same line, Huang 
states that mathematical models enable the economic analyst 
to be exact in defining variables, to be absolutely clear 
about the assumptions made, and to be free from awkwardness 
that would arise if a large number of variables had to be 
discussed at the same time (65: 3). 
Further, economic modelling often involves the question 
of applicability of the functional form and availability of 
data for that form. It is not always possible to adequately 
resolve both questions before commencing a study; consequently, 
it often is necessary to test several variations on the 
individual variables within the model in the course of the 
study. 
As stated earlier, this study attempts to develop a 
wheat production model for Turkey as the first step in 
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reaching the objective of determining the effect PL-480 im­
ports have had on production of wheat. In that light, the 
next section of this chapter discusses some of the relevant 
theoretical aspects of supply analysis. Some of the theoret­
ical aspects of the place of food aid in economic development 
are discussed in the next chapter. 
B. Supply Analysis 
Output of any agricultural product is a function of the 
interaction of the three resources, land, labor, and capital. 
Production theory consists of an analysis of how managers— 
given the state of the arts and a set of price relationships— 
combine resources to produce a specific product or combination 
of products. In this case, the managers are Turkish farmers 
and the specific product is wheat. When speaking of a specific 
product.- it is necessary to analyze the resource categories 
as they appear in their specific input forms. For example, 
capital inputs may appear in the form of tractors, hoes, 
fertilizer, or something else. Of course the same is true 
for land and labor. 
1. Land as a factor of production 
Most aspects of land are subject to modification by 
additions or deletions of labor and capital (7). The one 
characteristic of land that is not subject to modification is 
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the space aspect. Thus, space rights to one hectare of land 
give the person with the rights the opportunity to plant one 
particular hectare of land. 
Land is usually thought to consist of the soils, rocks, 
and minerals on and below the surface of the earth. In addi­
tion, the climatic conditions above the surface are also in­
cluded. In legal and economic terms, the term land usually 
includes capital resources, such as buildings, that are 
attached to the land. Land, as an input in the crop production 
process, includes its fertility, tillability, location, and 
climatic conditions. 
According to microeconomic theory relating to the produc­
tion process, land is usually assumed to be fixed in supply 
and that variable units of capital and labor are applied to 
it. In such a case, the product supply curve for the individual 
firm or for an individual tract of land is related to the 
marginal cost of the variable inputs. However, for the prob­
lem under consideration, the supply of land available for wheat 
production increased steadily during 1948-68, with the result 
that treating land as a variable input more closely follows 
reality. 
Treating land as a variable input allows it to be entered 
into a production relationship in the same manner. A produc­
tion function is a mathematical expression which defines the 
transformation of inputs into final products. Including non-
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resource variables into the expression means that it does not 
conform to the definition of a production function, though 
it is still a production relationship. A sample relationship 
follows: 
1. WP = f(A,L,K,P,F,T,W) 
where: 
WP = wheat production 
A = area planted to wheat 
L = labor used for wheat production 
K = capital used for wheat production 
P = price relationships affecting wheat production 
F = fertilizer consumed in wheat production 
T = technology 
W = climatic factors 
In addition, if desired, each category of input or 
production can be separated into selected subcategories. 
In Turkey, land has shown a definite and steady movement 
out of livestock production and into wheat production. Much 
of the movement probably has been due to the Turkish Govern­
ment's programs to encourage wheat production. On the indi­
vidual farm in Turkey, as in most of the rest of the world, 
land is considered to be the technical unit around which agri­
cultural production revolves. Thus, a production function 
or a production relationship can be logically developed for one 
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unit of land but less often is the same thing done for a unit 
of capital or of labor. Yield calculations are one example 
where production is estimated from a single unit of land. 
Except for the land input in such a case, yield and production 
are both a function of the same inputs. That being true, land 
can not only be thought of as a variable input but also as a 
measure of planned production so that it may be the case the 
formulation should be: 
2. WP = A-f(L,K,P,F,T,W) 
where the variables have the same definition as before. Or 
if land is the true measure of planned production, land may 
be the only variable that responds to price with the result 
that (3) is the better formulation: 
3. WP = A(P) • f(L,K,F,T,W) 
where the variables have the same definition as before. 
In a case such as (3), small changes in the supply of 
land to be used for wheat production, A(P), may be thought 
of as a function of the wheat price, alternative commodity 
prices, and input prices. Large changes and large increases 
in the supply would have to take into account various types 
of physical constraints to the change. 
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2. Labor as a factor of production 
The demand for labor, like that of other inputs in the 
production process, is primarily a function of its productiv­
ity and the price of the product. It can be shown that 
labor supply is a function of population size, demographic 
characteristics of the population, and the willingness of the 
individual to trade his leisure for money. However, rather 
than developing the theory of labor supply and demand more 
fully, it should be pointed out that Turkey, like most less 
developed countries, has a surplus supply of labor and a large 
part of that surplus is in the agricultural sector of the 
economy. Consequently, to avoid unnecessary detail, no effort 
will be made to estimate the effect of variations in the labor 
supply on wheat production. 
3. Capital as a factor of production 
In economic theory, capital is usually represented simply 
as a third factor of production like land and labor. In that 
vein, supply and demand analysis for capital follows the same 
methods as it does for land or labor. However, unlike land 
and labor, the basis for capital's productivity is not well 
understood. One idea as to why capital is productive is that 
capital inputs are one of the prime carriers of new technology. 
Dewey, explaining the capital-technology relationship, says 
that a quantum of knowledge (technology) usually has no 
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payoff until it is embodied into a set of specialized men and 
machines (29: 143). 
It is beyond the scope of this study to explore capital 
theory to a greater depth. The idea of embodied capital was 
mentioned here to introduce the idea that measures of capital 
and technology may be so highly interrelated that only one 
can be used in a model. Consequently, to avoid the diffi­
culties of measurement which a capital variable might cause, 
capital, as such, will be deleted from the test equations 
and replaced by the specific variable fertilizer and/or by a 
variable representing technology, such as time. 
4. The place of technology in supply analysis 
The problem of including improvements in the use of land, 
labor, or capital into an economic model represents a diffi­
culty that has not been satisfactorily solved. One of the 
most common ways is to use a time variable to serve as a 
proxy for advancing technology. That method of handling 
technology is open to criticism because it implicitly assumes 
that technology advances av: a uniform rate—a fact which in 
most cases is not true. In addition, the method assumes that 
the level of technology can not fall, an assumption also open 
to question. 
Following Dewey's ideas that new capital usually involves 
the introduction of a higher technology, this study uses the 
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number of steel plows on Turkish farms as an index of tech­
nology. That index was chosen for testing because a relative­
ly long series of data was readily available and because it 
appears to be the major form of new capital that has found 
wide acceptance on Turkish farms. In addition, the index 
allows for increases and decreases in the rate of technology 
advance. 
A major weakness of the index is that it may not ac­
curately represent technological improvements, such as more 
education, that have taken place in either the managerial or 
labor inputs of Turkish agriculture. Also, though the index 
is based on a capital input, other new capital inputs, such 
as fertilizer, have been added to the land resource to make 
it more productive—another source of possible error. 
5. The place of weather in supply analysis 
Ordinarily, weather would be discussed under the section 
for land resources since the definition of land usually in­
cludes the weather to which it is subject. However, since 
weather has been a major factor affecting the scope of most 
PL-480 programs for Turkey, it is discussed separately. To 
construct the supply model needed to meet the objectives 
of the study, it is necessary to answer the question of how 
weather effects are to enter the model. One answer, provided 
by Oury in a study of crops and weather in France, suggests 
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that rainfall and temperature can be thought of as noncost 
inputs to the production process, and can enter the production 
model on an equal footing with other inputs (103). In other 
words, Oury suggests that the usual production function con­
taining only land and capital inputs may be inadequate in 
specific cases, and a further detailing of the input categories 
will improve the model. 
The remainder of this section reviews selected studies 
that have attempted to include various aspects of weather in 
the production model. Most of those studies have attempted 
to collapse weather effects into one variable because of limi­
tations on the degrees of freedom. Since the secondary ob­
jective of this study is to provide earlier estimates of the 
size of the wheat crop, it will not be feasible to condense 
the weather factors into one variable. Other problem areas 
include the number of periods (months, weeks, days, etc.), 
the number of weather stations, and the form of the weather 
variable (day length, wind factors, temperature, precipitation, 
indexes, etc.) to be used. 
One of the earliest mathematical studies of the relation­
ship between weather and crop yields was performed by Henry 
Wallace in 1920 (155). His results indicated that weather is 
more of an explanatory variable on the periphery of the corn 
belt than it is in the central part of the corn belt. Wallace 
suggested this merely indicated what is obvious—corn is grown 
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in the corn belt because it is well adapted to the climatic 
conditions of the corn belt. 
Following Wallace, the results of many studies of yield 
and climatic relationships were published. Most of the studies 
used precipitation and soil moisture as the principal explana­
tory variables. A significant advancement came in 1948, when 
a meterologist named Thornthwaite suggested that évapotrans­
piration, the opposite of precipitation, is just as important 
to plant growth and it should be included in yield equations 
(137). In reality, he suggested a water balance bookkeeping 
system, where precipitation is a credit, évapotranspiration is 
a debit, and the remainder is available for plant use. Palmer, 
a meterologist in the U.S. Weather Bureau, refined this 
hydrologie accounting procedure and computed soil moisture 
balances and drought indices for most areas of the United 
States (105). 
Richard Perrin used the Palmer weather index for an 
intensive study of yields of selected crops in the United 
States (106). He developed yield relationships for Illinois 
and Iowa corn yields, Kansas and Nebraska winter wheat and 
grain sorghum yields, and North Dakota spring wheat yield. 
With respect to the Kansas winter wheat, the study used 
selected combinations from 26 variables to explain yield. 
The study was based on 1948-66 data. His best equation, in 
2 terms of R , contained variables for location within the state. 
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a variable for wheat planted on fallow, a variable for irri­
gated wheat, fall and spring weather variables which were 
based on the Palmer index, plus interaction terms between the 
weather variables and irrigation, and between fallow and the 
weather variables. He obtained an R of 0.79 and a standard 
deviation of 4.26 bushels per acre. 
Oury's study of wheat and feed grain production in France 
was the first that attempted to use the De Martoneau aridity 
index (103). The study, based on 1946-61 data, used weather, 
technological, and economic variables to develop models for 
yield, area, and production of wheat and of feed grains. 
Oury developed two series to represent weather data. 
One was a weighted De Martoneau index (weighted by production) 
for 30 stations scattered throughout France. The other was 
a De Martoneau index from the Paris weather station only. 
Paris is the center of the wheat growing region of France. 
When compared, the two series gave very similar results. 
Oury used the simpler series for his prediction models. Oury 
was able to isolate what he called a "winter-effect" variable 
to estimate the proportion of wheat which had to be replanted 
in the spring. The variable is important because in France, 
spring replanting has a depressing effect on yields. 
2 On his yield equation, Oury obtained an R of 0.92 with 
an associated standard deviation of 145 kilograms. Similarly, 
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2 
an R of 0.93 and a standard deviation of 144,000 hectares 
2 
were obtained on his area equation, and an R of 0.91 with a 
standard deviation of 797,000 metric tons on his production 
equation. 
Doll, writing in 1967 and using Missouri corn yields, 
had an objective of showing how a weather index could be 
constructed (31). He used 8 weeks of data for 37 Missouri 
weather stations to construct an index of the influence of 
weather on corn yields. This index when coupled with a 
variable for technology (he used a cubic time trend) ex­
plained 90 percent of the variation in corn yields. He 
suggested that about 66 percent of the variation could have 
been explained by weather alone. 
The fact that his weather stations were not randomly 
selected kept Doll from performing the standard statistical 
tests that were used in the Perrin and Oury studies. Doll 
used 1930-63 data for his analytical work. 
A study of the effects of weather on the Canadian wheat 
crop used three types of weather data, soil moisture at the 
start of the growing season, precipitation during the three 
main growing months, and potential évapotranspiration during 
the same months (158). Potential évapotranspiration was 
calculated from maximum air temperature, minimum air tempera­
ture, and solar radiation at the top of the atmosphere. The 
study used 65 weather stations scattered over the three 
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prairie provinces as its principal source of data. Data used 
covered the 1952-66 period, with 1954 deleted because a 
severe rust epidemic that year diminished yields more than 
would be expected from poor weather alone. 
Williams, the author of the study, made no statistical 
tests and did not specify why. His results indicated that 
models which included potential évapotranspiration gave 
significantly better results than models which considered 
precipitation only. Average error (not to be confused with 
standard error) for the estimates based on precipitation only 
was 10 percent. Average error for the estimates based on 
precipitation and potential évapotranspiration was 4 percent. 
The studies reviewed above gave no clear indication of 
the degree of aggregation that is best. Oury obtained good 
results with one station and national yields, while the 
Canadian study used 60 stations and district yields. Oury*s 
study indicated that winter weather can have a strong influence 
on yields. Doll's work emphasized the importance of including 
a variable to account for évapotranspiration from the soil. 
The four studies reviewed here indicate that yields of 
cereal crops cannot be easily predicted. Thus, for Turkey, 
where yields fluctuate widely from year to year and where 
data on local climatic conditions is limited, a yield equation 
which explains more than 60 percent of the yield variation 
and which gives a standard deviation of approximately 10 per­
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cent of the mean is probably all that can be expected. 
As mentioned, treating weather as a noncost input allows 
it to be entered into a production relationship on the same 
basis as other inputs. As shown by functions 1-3, the 
effects of weather have been entered as a variable named W; 
however, except statistical limitations, there is no reason 
why W cannot be entered as several variables rather than 
as one. For example, temperature and precipitation could be 
entered by month or by some monthly index. Thus, the equa­
tion; 
4. WP = f (A,P,F,T,H^,Rj^) 
where : 
H = monthly temperature 
R = monthly precipitation 
i = the significant months , and 
all other variables are as previously defined may represent 
the true relationship more accurately than does Equation 3. 
Further explanation of how weather enters the supply model is 
presented in Chapter VI. 
6. The place of prices in supply analysis 
Prices, like weather, are not normally considered to be 
a separate resource category or even a resource at all. How­
ever, prices again like weather, are important inputs in the 
production process. Price theory represents a major part of 
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economic theory so no attempt will be made here to present 
more than a very small portion of relevant price theory. 
In conformity with the objective of the study, the interest 
of this section is restricted to the question of how prices 
and future production are affected by PL-480 imports. 
Within the theory of economic development, two major 
points of controversy exist with regard to the price variable. 
The first is the question of whether or not peasant farmers 
respond to price; the second asks, if they do respond to price, 
to what price do they respond? Related to the second question 
is the problem of determining how peasant farmers form their 
price expectations—a question which has not been adequately 
answered even in developed countries. 
a. Supply response to price A leading advocate of 
the hypothesis that peasant farmers do respond to price is 
Dr. T. Schultz. He cites as evidence general studies by 
Hopper and Tax, and a supply response study of Punjabi cotton 
by Raj Krishna (64, 82, 117, 136). Additional support for 
Schultz*s position has been provided by Bauer and Yamey (9), 
who found a high degree of response to price incentives in 
cocoa and palm oil production in Nigeria, and by Falcon (39), 
who studied wheat, jute, and cotton production in Pakistan. 
On the other hand, Galbraith takes the position that 
peasant farmers do not respond to price incentives because of 
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the high risks involved in trying something new (53). In 
support of his hypothesis, Galbraith argues that the conse­
quence of failure is usually famine and that consequence 
keeps the purely subsistence farmer from changing his way 
even when it appears to be to his advantage to do so. Addi­
tional support for Galbraith's idea is provided by Bardham, 
who studied the relationship between marketed grain and 
price (5). His results indicated the relationship was nega­
tive. Studies by Khatkhate and Beringer also cast doubt on 
the role prices play in guiding production in a subsistence 
farming area (11, 77). 
Some recent studies on the question have indicated that 
peasant farmers do respond quite quickly and strongly to price 
changes. One of the most recently published is that of 
Barnum (8), who analyzed food grain marketing in India. In 
addition to a positive supply response, Barnum indicated that 
he feels PL-480 imports have depressed domestic output of 
food grains and at the same time they stimulated domestic 
consumption. 
b. Response timing Proceeding to the question of 
to what price do producers respond, the basic problem lies 
in the method by which producers form their expectation. It 
is generally conceded that even peasant farmers are too 
sophisticated to assume that planting-time prices will prevail 
65 
through harvest. But just how they do judge (plan) so as 
to take advantage of expected high prices and to minimize 
relative losses in cases of low prices is not clear. An 
assumption often made is that the producer's price expecta­
tions are principally based on past prices, with the im­
mediate past carrying the largest weight. In apparent accep­
tance of that assumption, several systems of assigning weights 
have been developed. The more frequently used systems of 
weightings are those of Keyok, Tinbergen, and Nerlove (76, 
97, 142). 
The Keyok approach is to make a general assumption about 
the form of the distribution and then estimate the parameters 
that specify the exact characteristics of the distribution. 
The Timbergen method, which is just the opposite, is to 
make no assumption about the general form of the distribution 
and just estimate the parameters. Both methods have been 
criticized because of the arbitrariness of the procedure. 
The Nerlove method is an attempt to develop an explicit 
dynamic model of producer or consumer behavior which implies 
a distributed lag only incidently. The basic assumption be­
hind his methodology is that in planning production, it is 
not last year's price that is important, but the price 
farmers expect to receive for their crops in the coming year. 
Expected price may or may not be equal to last year's price, 
although usually, expected prices are thought to be a function 
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of past prices, with the most recent prices exerting the 
greatest influence. 
More succintly, Nerlove suggests that each year farmers 
revise their estimate of the price they expect to prevail in 
the coming year, and this revision is made in proportion to 
the error they made in estimating price for the present year. 
Mathematically, this can be expressed as; 
5. PJ - = BOPfi - PJ.i) 
where: 
= expected price this year 
= expected price last year 
B = the coefficient of expectation 
= the actual price last year 
Equation 5 can be thought of as one in which the ex­
pected price is a function of the weighted moving average of 
past prices, with the weights a function of the coefficient 
of expectation. Thus, Equation 5 could be written as: 
6. P* = BP^_1 + (1-B)BP^ _ 2  + (1-B)^BP^ _ 3  
where the variables are defined in the same manner as in 
Equation 5. Examination of Equation 6 shows that the closer 
B, the coefficient of expectation, is to unity, the smaller 
the number of past prices needed to approximate the expected 
price. 
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Switching from pure price formulation to the economic 
relationship between prices and production, it can be seen 
that planned production, which can be represented by acreage 
planted, is a function of expected prices. That relationship 
can be represented by: 
7. = A + KP* + 
where: 
A^ = acreage planted in year t 
= expected price in year t 
k = coefficient of expectation 
= a random residual 
In exactly the same manner, the acreage adjustment for the 
previous year can be represented: 
8. A^_i = A + KP^_, + 
where the variables are defined as in Equation 7 except the 
subscript, t-1, represents the previous year. 
Using simple algebraic manipulation. Equation 8 can be 
transformed into Equation 9, which has price on the left-hand 
side of the equation. 
9. P*_i = - A/K + Ut_i/K 
By substituting Equations 7 and 9 into Equation 5, we obtain 
results in Equation 10, which is readily estimable by standard 
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regression techniques. Equation 10 will be used as the basis 
of the acreage response model. 
10. = aB + + (l-B)A^_i + 
where; 
represents a random variable 
Other variables are as previously defined. 
Equation 10 represents a relatively common Nerlovian type 
formulation. 
A recent article by Chen, Courtney, and Schmitz suggests 
that the geometrical specification limits the shape the 
Nerlovian lag formulation can take (18). As an alternative, 
they suggest using a low order polynomial. The advantage of 
the polynomial formulation is that it allows the production 
response to a price change to first increase and then de­
crease through time. 
In an empirical test of the polynomial lagging system, 
Chen, Courtney, and Schmitz used a second degree polynomial 
lag and applied it to commercial milk production in Cali­
fornia. As a check, a Nerlovian formulation was fitted to 
the same data. The Nerlovian formulation yielded a short-
run elasticity of 0.38 and a long-run elasticity of 2.54. 
The polynomial formulation yielded an aggregate—roughly 
equivalent to long-run-elasticity of 2.53, very similar to 
the result of the Nerlovian formulation. Short-run elastici­
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ties from the polynomial formulation ranged from 0.16 for 
price changes in year 'T' to 0.42 for changes that took place 
3 or 4 years prior to year 'T'. 
Despite the theoretical advantage suggested for the 
polynomial formulation, the Nerlovian formulation was used 
for this study because it offers less computational diffi­
culty. In addition, it appears that the capability for 
increased response offered by the polynomial formulation 
may be more applicable to milk production as opposed to wheat 
production because by its nature, milk production has less 
flexibility for year-to-year changes. 
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V. FOOD AID AND PRODUCTION—THEORETICAL 
CONSIDERATIONS 
The place of food aid in stimulating economic growth 
occupies a major section in the field of development economics. 
Questions such as the value of food aid as compared to the 
value capital aid, the real cost of food aid to the sending 
country, the means by which the food should be distributed, 
and what economic benefits will accrue from diet improvement 
in a country, all remain unanswered, or only partially 
answered. 
This study addresses itself to one of the partially 
answered questions. That is how domestic production is af­
fected by food aid. Of course, this also has important 
implications for growth and development of the entire economy. 
The purpose of this chapter is to build a theoretical frame­
work to quantify the effects of food aid on price and produc­
tion. The first section of the chapter discusses the develop­
ment of economic theory as it relates to the specific ob­
jective of the study. The second section of the chapter 
completes the model and discusses possible effects of selected 
modif ications. 
One of the earliest papers on the question of food aid 
and development was that of Mordecai Ezekiel, who in 1958 
suggested that one of the primary and more obvious benefits 
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of food aid was its depressant effect on inflation (36). 
This idea, of course, implies considerable downward pressure 
on prices, especially food prices. In 1958, research re­
sults were not available to either support or refute Ezekiel's 
basic hypothesis about PL-480 effects. It was 5 years later 
before relevant research results began to appear with any 
regularity. 
A general study which should be mentioned here because 
it deals directly with the question of PL-480 imports and 
the Turkish economy is entitled "Analysis and Assessment of 
the Economic Effects of Public Law 480 Title 1 Program 
Turkey" (2). It was based on 1954-62 data. Most of the 
study was concerned with the impact of counterpart funds on 
the monetary sector of the economy. The study states that in 
regard to price effects, the prices of PL-480 commodities do 
not show clear differences in trends; although if 1954-60 
data had been used, prices for PL-480 commodities would have 
lagged behind the general price increase. However, inclusion 
of 1961 and 1962 prices brings grain prices up to the 
general price level, while oilseed prices are above it. 
When looking at the relationship between PL-480 imports and 
production, Aktan makes the point that guaranteed prices have 
protected producers from unfair competition and for that 
reason, it is not possible to quantitatively determine the 
direct (production) effects of the program. 
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A 1967 paper by Heady and Timmons suggests that the net 
effect (short run) of food aid is nil and there is a real 
possibility of negative long-run returns (61). They stated 
that negative long-run returns may result because food aid 
takes the pressure off development planners and as a conse­
quence, poor planning results. An additional point made in 
the paper is that the effect of food aid on producer's prices, 
both world wide and in recipient countries, needs to be re­
searched . 
A. Quantitive Estimates of Food 
Aid Effects 
Since the inception of PL-480 shipments in 1954, much has 
been written on the place of food aid in economic development. 
However, many of those articles have been based on theoretical 
arguments and analyses rather than an empirical research. 
This is especially true when one considers the effect of food 
aid on domestic production. At the heart of the problem is 
the question of whether or not farmers—at or near the sub­
sistence level—respond to price variations, a problem dis­
cussed in an earlier chapter. 
Development of the theory of the effect of food aid on 
production began with a 1960 article by Dr. Schultz (118). 
In that article, Schultz took the position that the actual 
value of food aid to underdeveloped countries was only a 
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fraction, approximately one-fourth of its cost to the United 
States. His thesis was that though food shipments would lower 
the price farmers receive, the shipments would have little 
effect on short-run production. However, in the longer run, 
food aid would decrease both public and private investment 
in agriculture and thus reduce supply in the long run. 
Schultz felt the effect on price of an increase in food sup­
plies could be measured by the reciprocal of the price elas­
ticity of demand. Schultz's conclusions follow from his ideas 
on the price responsiveness of farmers in underdeveloped 
countries. 
Following Schultz, research results on the subject began 
to appear. Deena Khatkhate, in a 1962 article, reported that 
in an economy characterized by small-scale subsistence fanning, 
there is no response of output (total production) to price 
and the response of supply (marketings) may be opposite to 
the price movement because a minimum amount of cash is needed 
by each farmer (77). The main point to be gained from 
Khatkhate*s article is that little price response is to be 
expected when dealing with subsistence farmers. Thus, even 
if PL-480 imports do tend to depress prices, they will not 
affect the level of domestic production since there is no 
price response. 
In 1963, the results of two studies were published which 
tended to refute Khatkhate's position. Walter Falcon, in an 
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analysis of agricultural production in Pakistan, found rela­
tively large supply elasticities for wheat, cotton, and 
jute (39). This lead him to conclude that PL-480 imports 
could cause significant changes in the composition of agri­
cultural output in the receiving country. He concluded that 
the changes might severely affect the ratio between food and 
cash crops. 
A second article, by Christoph Beringer, also analyzed 
the situation in Pakistan (11). Beringer agreed with Falcon 
that cash crops tended to be more price response than food 
crops and that depressed prices for food crops could lead to 
shifts to cash crops. Thus, he concludes that a policy of 
striving to reach self-sufficiency in food production, while 
at the same time importing PL-480 grains, may be contradictory. 
A second major theoretical treatment of the question was 
mads by Franklin Fisher in 19S3 (40). Ke argued that Schultz's 
idea that the price effect could be measured by the reciprocal 
of the price elasticity of demand was valid only in countries 
where the supply curve for domestic production is perfectly 
inelastic. Fisher then went on to develop the thesis that the 
effect on supply could be approximated by: 
I, 
where and are the elasticities of supply and demand 
respectively and K is the ratio of total demand to domestic 
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supply. The model does not consider imports other than those 
under PL-480 or stock changes. Using the model requires esti­
mates of relative elasticities of both supply and demand. 
Once these are obtained, it is possible not only to estimate 
the size of the production change, but also to estimate what 
it would cost to overcome the change—that is, to provide 
producers incentives not to switch to other crops. Fisher 
did not attempt to make an empirical analysis of any country. 
An important implication of Fisher's analysis is that 
quantitative estimates of the relevant elasticities are very 
important and that neither can be assumed away. Thus, an 
estimate of supply response to price becomes necessary, though 
it may be very difficult to do. 
A third major attempt to extend the analysis was a 1967 
study by Jittendar Mann (88). His model extends Fisher's 
analysis by including commercial imports and stock changes in 
the supply equation. Mann's next step was to incorporate 
his supply equation into a six equation model which he felt 
would enable a systematic analysis of the effect of PL-480 
inputs. The six equations were supply, demand, commercial 
imports, stock withdrawals, income generation, and a market 
clearing identity. Parameters for the model were estimated 
by two-stage least squares. The six equations formed a 
simultaneous model which when 'shocked' provided answers to 
three questions commonly associated with PL-480 imports. 
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(1) What is the immediate (short run) impact of PL-480 
shipments on prices and production? 
(2) What is the long-run effect, particularly on 
domestic production, of PL-480 shipments? 
(3) What is the time-path followed in going from "1" 
to "2"? 
Using shocks of 1 kg. per capita, Mann estimated the effects 
of a 1 kg. increase in PL-480 imports per capita. The 
analysis showed that a 1 kg. increase in per capita imports 
of PL-480 cereals lowered the price index for the commodity 
0.54 percent during the same period. This meant that produc­
tion would decline 2 years later (he used a 2-year lag on 
prices). 
Mann's analysis can be criticized because it implicitly 
assumes that PL-480 shipments have reached some "normal" 
level and his shocks assume shipments are increased by one 
unit in one year and then return to that "normal" level. 
For most countries, especially Turkey, shipments have fluctua­
ted greatly on a year-to-year basis and it would appear that 
no one year's shipment could be called normal. In addition, 
the model can be criticized in that he showed that the impact 
of a "shock effect" increase in PL-4S0 imports would be but 
did not develop a summary which showed what the historical 
effects have been. 
Mann applied the model to India and reached the follow­
ing general conclusion: PL-480 imports do tend to lower food 
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and producer prices, which leads to a decline in domestic 
production. However, the net supply of food is always 
creased since the production decrease is never as large as 
the PL-480 imports. Thus, PL-480 imports always make a net 
contribution to consumption. 
A fourth extension of the theoretical aspects of food 
aid on domestic production was made by Gary Seevers (120). 
Seevers extended Fisher's basic model by including variables 
for commercial imports, population, real income, and govern­
ment investment in food grain production. In addition, 
Seevers used the ratio of PL-480 shipments to quantity de­
manded, rather than to domestic output as Mann did. His 
stated objective was to provide a conceptual means to evalu­
ate the disincentive effects of PL-480 shipments. Although 
the Seevers model consists of estimable relationships, to 
demonstrate results that might have been obtained from the 
model, Seevers used elasticity estimates generated by other 
studies. Like Mann, Seevers analyzed Indian data and reached 
the conclusion that for normal ranges of demand and supply 
elasticities, changes in the level of PL-480 imports induce 
only small percentage changes in prices and still smaller 
percentage changes in domestic output. However, a 1 percent 
change in supply due to PL-480 imports could, with a high 
supply elasticity and a low demand elasticity, cause produc­
tion changes of more than the amount of the shipment. For the 
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usual range of both elasticities though, the decline in 
domestic production would be less than the PL-480 imports. 
Rogers, Srivastava and Heady, in a recent article ex­
tended Mann's work to allow for differential markets for 
domestic wheat and PL-480 wheat (111). Indian data was used 
for the analysis and the results indicated that the response 
was negative but that Mann had overestimated its size. 
Actually, the negative effects were only about 10 percent as 
large as those estimated by Mann. 
Of the four models surveyed above, the Seevers model 
seems to be the most appropriate to the objectives of this 
study; consequently, it will be adopted for use in estimating 
the effect PL-480 shipments have had on wheat production in 
Turkey. 
This review of selected theoretical and analytical studies 
of the impact of food aid on domestic production has indicated 
the existence of a conflict as to both the direction of the 
impact and its magnitude. Except for the studies on India 
and Pakistan, even more important is the general lack of 
empirical research on the problem, even though two of the 
studies made attempts to formulate a general methodology. 
The cursory look at methodology indicated that no simple 
method exists for ascertaining the size of the impact on 
domestic production. 
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B. Food Aid Model 
In constructing an economic model to measure the effects 
of PL-480 shipments on domestic production, it will be nec­
essary to define and estimate several types of relationships 
starting with production. By definition, production is simply 
the product of yield and area, which symbolically is Wp = YA. 
In the previous chapter, production was taken to be a function 
of area, prices, fertilizer, technology, and weather. That 
function was written as: 
Wp = f(A,P,F,T,W) 
where: 
Wp = wheat production 
A = wheat area 
P = relevant price relationships 
F = fertilizer application 
T = technology 
W = the influence of weather. 
As mentioned, production can be split into area and yield 
components, and yield can be thought of as a function of 
weather, prices, and technology. A linear relationship was 
tested first: 
11. Y = a + b^W + bgP* + b^T + b^F + u 
where: 
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Y = yield 
W = weather effects 
P* = relevant producer prices 
T = technology 
F = fertilizer 
U = random variations 
Area was estimated by a distributed lag model of the form: 
12. = aB + (l-B)A+_i + kBP* + U 
where: 
A = area planted to wheat 
B = coefficient of adjustment 
P* = relevant producer prices 
U = random variations 
t = year under consideration 
Commercial imports (M), PL-480 imports (I) and exports (X), 
and nonfood demand (Q) are considered to be exogenous vari­
ables so that total supply can be though of as; 
13. T_=W^+M+I-X-Q 
s p 
where: 
Tg = the total supply of wheat for food uses 
Wp = wheat production 
M = commercial imports 
I = PL-480 imports 
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X = exports 
Q = nonfood demand 
or since wheat production is the product of area and yield, 
it is a function of the same variables. Thus, total supply 
can be represented as: 
14. Tg = S(A^_^,P,W,T,F) +M+I-X-Q 
where all variables have the same definition as before. 
Demand for wheat is estimated in accordance with economic 
theory. That is, total demand (T^) is a function of prices, 
population, and income. 
T^ = D(P,N,Z) 
where: 
T^ = total demand for food uses 
P = relevant prices for wheat 
Z = national income per capita 
N = population 
Combining the demand and supply functions gives a 
marketing clearing equation of the form. 
15. S(A^_j^,P*,W,T,F) + M+ I- X- Q = D(P,N,Y) 
Taking the total differential of Equation 15 with respect to 
I and dividing that differential by dl results in the follow­
ing equation: 
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dA 
16 YS ^t-1 + IS dS_ ]rS^ %SdT + lM_%X_YQ 
dl YP*dP* yW dl yT dl yl yl yl 
= ][DdP + yDdN_^yDdY 
yp ar yN dl yY dl 
For preliminary analysis of the model, the following 
assumptions are made. 
1. dA^_g^/dI = 0 pL-480 imports do not influence past 
area. 
2. dW/dl = 0 PL-480 imports do not influence 
weather 
3. dT/dl = 0 PL-480 imports do not influence 
technology. 
4. dX/dl = 0 PL-480 imports do not influence 
exports. 
5. dQ/dl = 0 PL-480 imports do not influence the 
nonfood demand for wheat. 
6. dN/dl = 0 PL-480 imports do not influence popu­
lation growth. 
Further discussion of these assumptions and the effects of 
relaxing them are contained in Chapter VII. 
Removing the zero terms from Equation 16 results in 
Equation 17. 
If one assumes that the market price is simply the expected 
price plus a constant marketing margin (P = a + P*), then 
dP* = dP and the two derivatives can be used interchangeably 
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in Equation 17. Equation 18 results when the individual 
terms of Equation 17 are multiplied by selected coefficients 
whose product is 1. 
 ^ h + di^ i^  + ^   ^ §] 
Recombining and cancelling terms results in Equation 19. 
1 9  I S P ^ D S  : ( M D  % D ^ D  % D Y ^ D  
yP S dl P D dl D ^ yP dl P yY D dl Y 
Equation 20 expresses the same thing but in a simpler 
notation. 
20. E(S,P) E(P,I) S/D + E(M,I) + 1 
= E(D,P) E(P,I) + E(D,Y) E(Y,I) 
where ; 
E(S,P) = the elasticity of supply with respect to price. 
E(P,I) = the elasticity of price with respect to the 
ratio of PL-480 imports to demand. 
S/D = ratio of domestic production to demand. 
E(M,I) = the elasticity of the ratio of commercial im­
ports to total demand in respect to the ratio 
of PL-480 imports to demand. 
E(D,P) = the elasticity of demand with respect to price. 
E(P,I) = the elasticity of price with respect to the 
ratio of PL-480 imports to demand. 
E(D,Y) = the elasticity of demand with respect to income. 
E{Y,I) = the elasticity of income with respect to the 
ratio of PL-480 imports to demand. 
84 
If we add a 7th assumption that E(M,I) = 0, that is 
there is no strong relationship between PL-480 imports and 
commercial imports, then we obtain Equation 21. 
21. E(S,D) E(P,I) S/D - E(D,P) E(P,I) = E(D,Y) E(Y,I) - 1 
Equation 22 is obtained by factoring E(P,I) out of Equation 
21 and solving for E(P,I). 
22 E(P I) = E(D,Y) E(Y.I) - 1 
' ' ' S/D E(S,D) - E(D,P) 
The elasticity of supply with respect to PL-480 imports 
E(S,I) is by definition the elasticity of price with 
respect to PL-480 imports multiplied by the price elasticity 
of supply. Thus, the primary objective of this study can be 
met with the equation: 
23. E(S,I) = E(?,I) E(S,P) . 
However, the Nerlovian supply formulation will yield two 
estimates of price responsiveness, a short-run estimate 
associated with the 'P' in the equation and a long-run 
component associated with A, , in the supply equation. Thus, 
the equation will yield an estimate of the short-run effect 
and the long-run effect. The length of the short-run effect 
depends on the price lag, and by definition, the long-run 
effect is the summation of the short-run effects. 
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The model developed above is similar to that developed 
by Gary Seevers, which in turn was based on Franklin Fisher's 
model. Differences include replacing Seevers' variable for 
government investment in agriculture by a technology variable 
and inclusion of a variable for the area in the previous 
year. 
The seven assumptions are made to simplify the equation 
and to make it conform to reality. In discussing the re­
sults, it will be necessary to consider the effects of re­
laxing the various assumptions. 
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VI. DEVELOPMENT AND EVALUATION OF A MODEL OF 
WHEAT PRODUCTION IN TURKEY 
A. Data Development and Variable 
Identification 
As stated in Chapter I, one of the steps in reaching the 
objective of this study is to identify quantitatively the re­
lationship between wheat production, prices, weather, and 
other inputs. As in any such study, a major portion of the 
work involves defining and testing significant variables. 
Three basic classes of variables are involved—wheat produc­
tion, including physical inputs and outputs, price variables, 
and weather variables (23). 
1. Wheat production variables 
Looking at the output side of the picture first, there 
are three separate components within the general class known 
as production. The first is planted acreage, the second is 
yield, and the third is production itself. The area planted 
to wheat in Turkey is estimated by the provincial agri­
cultural agent, a man somewhat comparable to a county extension 
agent in the United States. Yields are estimated by samples 
taken by officials of the Ministry of Agriculture. The 
samples are one meter squares taken at random roadside loca­
tions in the wheat producing areas. Production is the product 
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of estimated area and estimated yield.^ 
a. Area planted Without doubt, area planted is the 
best measure of planned production at the farm level. For 
example, if a Turkish farmer wishes to increase his wheat 
production from 4 metric tons to 8 metric tons, he probably 
will double the area he plants rather than apply more ferti­
lizer or pesticides. The same phenomenon appears to have 
taken place in the national economy in the early 1950's, when 
the Turkish Government encouraged plowing pastureland to in­
crease wheat production. 
As explained previously, much of Turkish agriculture 
follows traditional patterns, a fact which would suggest 
that planned wheat production is probably dependent on what 
was produced the previous year or even the year before that. 
If that is the case, a function of the form A = f(A^_., U) 
probably would explain most variations in area. However, 
changes do take place in Turkish wheat plantings so that 
the simple hypothesis that planned production is the same as 
previous plans is not a fully adequate explanation. Since 
Turkey maintains, in addition to price supports, a relatively 
^The statistics used for this study are those published 
by the Turkish State Institute of Statistics (SIS). The 
Turkish State Planning Office (SPO) uses production figures 
that are considerably smaller and are thought to be more 
accurate. A third source of production statistics is the 
American agricultural attache. SIS statistics were used be­
cause they are estimated by a consistent pattern and they are 
available on a more detailed basis. 
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free market system for wheat, a logical explanation is that 
year-to-year area changes are influenced by the price rela­
tionship between wheat and alternative crops. The relevant 
relationship may be the wheat-barley price ratio, the wheat-
livestock price ratio, or some other relationship. At­
tempting to define the relevant price in terms of just one 
ratio involves a certain danger because regional differences 
in production patterns probably mean that different ratios 
are used by farmers to guide production plans. For instance, 
a farmer in eastern Turkey may base his decision on the rela­
tive prices between wheat and livestock, while for the farmer 
in the Curkova Delta, the relevant ratio may involved wheat 
and cotton. 
In terms of a mathematical form, the idea that prices 
cause year-to-year variation in area can be expressed as: 
24. = A^_^ + f(P) + U 
where; 
A = planted area in thousand hectare units 
t = time, t = the current year and t-1 = the previous 
year 
U = the unexplained residual 
P = the relevant price ratio. 
To put the equations in a more workable form. Equation 24 
can be converted to: 
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25. = f(At-l'P) + V 
or for regression estimation: 
26. = a + bP + cA^_2 
where a, b, and c are parameters to be estimated and A^, P, 
A^_^ have the same definition as before. 
Equation 26 above is the basic form of the equation to 
be tested. It was necessary to test several forms of the 
price variable (represented by P) to determine if it was used 
as a production planning criteria. Table 7 shows selected 
price ratios, including some deflating indices. 
During the 1946-68 period, total cropped area and 
cereal area nearly doubled (Table 3). However, the separate 
components of cereal area did not follow that pattern. Wheat 
area more than doubled during the period, but area planted 
to barley and other cereal crops did not increase as fast as 
total cereal area die?. Despite large increases in total area 
cropped, cereals maintained very nearly the same proportion 
of total cropped area throughout the period. Wheat area as 
a percentage of total cereal area showed a fairly steady 
increase during the period, the proportion of cereal planted 
on fallow land ranged from 47 percent in 1952 to 66 percent 
in 1964. Typically, the 63-65 percent range would include 
most years. 
Table 3. Turkey: Area planted to all crops, cereals, wheat, barley, and other cereals and area 
fallowed (1946-70)® 
Year' 
Aroa Planted 
All Cereal!» Wheat Barley Other 
crops^ cereals 
Fallow 
Cereals 
of 
planted 
Wheat 
of 
cereal 
Cereals 
on 
fallow^ 
(1,000 hectares) (Percent) 
1946 13,093 7,193 3,831 1,736 1,626 4,680 54 .9 53. 3 64. 2 
1947 13,575 7,631 4,177 1,805 1,649 4,673 56 .2 54. 7 61. 3 
1948 13,900 8,071 4,538 1,828 1,705 4,423 58 .1 56. 2 57. 9 
1949 13,264 7,525 4,008 1,759 1,758 4,274 56 .7 53. 3 58. 8 
1950 14,542 8,244 4,477 1,902 1,865 4,674 56 .7 54. 3 51. 8 
1951 15,272 8,804 4,790 2,059 1,955 4,672 57 .6 54. 4 53. 1 
1952 17,361 9,868 5,400 2,312 2,156 5,586 56 .8 54. 7 47. 3 
1953 18,812 11,077 6,410 2,437 2,230 5,791 58 .9 57. 9 50. 4 
1954 19,616 11,271 6,405 2,500 2,366 6,408 57 .5 56. 8 51. 4 
1955 20,998 12,079 7,060 2,640 2,379 6,793 57 .5 58. 4 53. 1 
1956 22,453 12,370 7,335 2,612 2,423 7,897 55 .1 59. 3 54. 9 
1957 22,161 12,207 7,157 2,630 2,420 7,769 55 .1 58. 6 64. 7 
1958 22,765 12,547 7,450 2,700 2,397 8,001 55 .1 59. 3 61. 9 
1959 22,940 12,687 7,535 2,750 2,402 7,920 55 .3 59. 4 63. 1 
1960 23,264 12,945 7,700 2,836 2,409 7,959 55 .6 59. 5 61. 2 
1961 23,076 12,865 7,717 2,786 2,362 7,948 55 .8 60. 0 61. 9 
1962 23,215 12,965 7,800 2,800 2,365 8,048 55 .8 60. 2 61. 3 
1963 23,823 13,017 7,850 2,850 2,317 8,547 54 .6 60. 3 61. 8 
1964 23,843 12,930 7,870 2,750 2,310 8,476 54 .2 60. 9 66. 1 
Sources (130 and 133). 
\ear of harvest for crops planted in the fall. 
Includes fallow. 
^Cereal area as a percent of the previous year's fallow area. 
Table 3 (Continued) 
Area Planted 
Year All Cereals Wheat Barley Other Fallow 
crops cereals 
Cereals 
of 
planted 
area 
Wheat 
of 
cereal 
Cereals 
on 
fallow 
(1,000 hectares) (Percent) 
1965 23,841 12,960 7,900 2,770 2,290 8,547 54.4 61.0 65.4 
1966 23,982 12,974 7,950 2,710 2,314 8,528 54.1 61.3 65.9 
1967 23,836 13,014 8,000 2,725 2,289 8,323 54.5 61.5 65.4 
1968 24,092 13,132 8,250 2,730 2,152 8,192 54.5 62.8 63.4 
1969 24,672 13,475 8,660 2,687 2,128 8,824 54.6 64.3 64.5 
1970 24,294 13,240 8,616 2,590 2,034 8,705 54.5 65.1 66.6 
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Table 3, presenting data on the proportion of total area 
that is planted in each region, shows that regional growth 
has been uneven. Central Anatolia's share declined slightly, 
although area in Region IX increased faster than the national 
average. Area planted to wheat in Region VI also increased 
considerably faster than the national average. 
b. Yields Yields are less subject to the control 
of the individual fanner than is area. The main available 
technique to raise yields is application of larger quantities 
of fertilizers. There are no available statistics showing 
either the quantity of fertilizer applied per hectare of 
wheat in Turkey, or the proportion of total fertilizer that is 
applied on wheat. The U.S. Agency for International Develop­
ment indicates that while the application of fertilizer is 
fairly certain to provide a yield increase, usually there is 
not enough fertilizer to meet the demand (62). 
A second factor that will usually provide increased 
yields is use of better varieties. Available information 
indicates that little use was made of high-yielding varieties 
in Turkey during the years of this study, 1948-68. However, 
since 1968, adoption of imporved varieties (primarily Mexican 
wheat) has significantly improved yields in some areas and to 
a lesser extent, has had important effects on the national 
yield. A recent publication by Sheldon Tsu indicates some 
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of the history behind the new varieties and some of the very 
successful results that have been obtained with them (143). 
However, in most of Turkey, growing conditions proved to be too 
harsh for the Mexican-type wheats and the search for better 
varieties has turned elsewhere. 
A third factor responsible for increasing yields is the 
slow but persistent increase in mechanization of Turkish 
agriculture. Mechanization allows better timing and more 
effective tillage operations. This means less moisture loss, 
better weed control, better seed placement, less loss at 
harvest—all of which promote yield improvements. 
A fourth and obvious factor which affects yield is 
weather. Quentin West, in a study on agricultural develop­
ment in Turkey, indicated that spring rainfall is the pri­
mary factor in yield determination (156). Fall rainfall is 
important to the extent that it ensures adequate seedbed 
preparation and germination since most of the crop is fall-
planted and is sown by broadcasting. An extremely wet fall 
can mean delayed planting, while a dry fall may mean poor 
germination. Both can have a deleterious influence on fall 
growth, which is the basis for growth the following spring. 
The limited work on rainfall by West indicated that in general, 
fall rainfall has a positive influence on yields, though not 
as strong as that of spring rainfall. 
Table 4. Turkey: National wheat area with regional percentages 
(1946-70) 
^year^^ Total j^^^olia^ Region I Region II Region III Region IV 
(1,000 hectares) 
1946 3,831 58.6 25.2 9.6 7.3 7.1 
1947 4,177 58.1 26.4 9.9 6.9 7.2 
1948 4,538 56.4 26.8 8.7 8.2 6.9 
1949 4,008 57.2 26.1 8.8 7.7 8.1 
1950 4,477 58.5 27.4 9.5 8.1 6.7 
1951 4,790 56.2 27.3 8.6 8.7 6.7 
1952 5,400 58.5 28.3 7.6 7.7 6.9 
1953 6,410 57.8 29.5 6.8 7.0 6.9 
1954 6,405 56.1 26.2 7.1 6.9 8.1 
1955 7,060 58.4 26.9 6.8 8.8 7.4 
1956 7,335 58.7 25.8 6.6 5.8 7.5 
1957 7,157 59.0 25.9 6.8 6.5 7.8 
1958 7,450 58.4 25.4 7.0 6.7 8.1 
1959 7,535 58.5 25.7 6.9 6.6 7.9 
1960 7,700 58.9 24.9 6.9 6.6 8.1 
1961 7,717 57.9 25.3 6.9 6.6 8.1 
1962 7,800 56.7 24.8 6.9 6.9 8.7 
1963 7,850 57.6 24.5 6.8 6.7 8.4 
1964 7,870 57.6 24.4 6.9 6.9 8.7 
1965 7,900 56.9 23.3 7.2 6.9 8.7 
1966 7,950 57.3 23.9 7.0 5.7 9.0 
1967 8,000 56.7 24.1 6.7 7.1 8.9 
1968 8,250 55.9 23.8 7.0 7.0 9.0 
1969 8,660 _c - - - -
1970 8,616 - - - -
^Sources (130 and 133). 
^Central Anatolia consists of regions 1, 8, and 9. 
means published data is not available. 
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P'gion V Region VI Region VII Region VIII Region IX 
(Percent) 
4.9 6.3 6.7 14.6 18.8 
5.7 6.5 5.7 13.4 18.3 
5.0 8.2 5.3 11.9 17.7 
5.0 7.7 5.6 12.6 18.5 
4.3 7.1 5.8 11.3 19.8 
5.2 9.1 5.4 10.7 18.2 
5.0 9.1 5.2 10.7 19.5 
5.7 10.9 4.9 9.5 18.7 
5.7 11.7 4.4 9.1 20.8 
5.6 10.5 4.5 9.4 22.1 
5.5 11.8 4.3 10.1 22.8 
5.3 10.1 4.4 10.5 22.6 
4.8 10.4 4.5 10.1 23.0 
4.8 10.5 4.9 9.8 23.0 
4.6 10,1 4.8 10.7 23.0 
4.8 10.7 4.9 9.8 23.0 
4.5 11.4 4.8 9.3 22.7 
4.4 11.0 5.1 10.2 23.0 
4.5 10.5 4.8 9.9 23.3 
4.4 11.3 4.6 10.3 22.7 
4.7 11.3 5.1 9.9 23.5 
4.3 11.6 4.8 9.7 22.9 
4.7 11.5 4.9 9.7 22.4 
96 
Increases in irrigation probably have played only a 
relatively minor role in generating increases in national 
wheat yields because only a small proportion of new irrigation 
developments are used for wheat production (101). In the first 
5-year plan, it was estimated that 200,000 hectares of wheat 
were irrigated in 1963. The second plan projected that irri­
gated wheat area would increase to 265,000 hectares by 1972. 
Both plans called for most new irrigation land to be used in 
the production of noncereal crops. Even among cereals, rice 
and corn were expected to increase faster than wheat on newly 
irrigated land. 
In mathematical terms, yield can be thought of as a func­
tion of fertilizer application, mechanization, and weather. 
Irrigation was not included because it is expected to be of 
limited importance. 
27. Y = f(F,M,W) 
where; 
Y = yield 
F = fertilizer used 
M = machine use 
W = weather variables 
or for regression estimation, 
28. Y = a + bF + cM + dW 
and the variables are as defined above. An explanation of the 
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independent variables will be presented in the next section. 
National and regional wheat yields are shown in Table 5. 
Both regional and national yields show a great deal of varia­
tion. The range in national yields is 645 kg. (628-1,273), 
slightly more than half as large as recent yields. The 
smallest range was 589 kilograms in Region VII and the 
largest was 1,061 kilograms in Region IX. 
c. Production As estimated by Turkish officials, 
production is estimated area multiplied by estimated yield. 
Table 6 represents a historical series of national and 
regional estimates of production. That method to estimate 
production implies that production is a function of the same 
inputs that affect yield and area. That is: 
29. WP = f (A^_j^,P,F,M,W) 
where : 
WP represents wheat production and the other variables 
are defined above. 
Looking at Table 6, it can be seen that production shows 
a great deal of year-to-year variation. For the period 
covered, 1946-70, average production was 7.3 million metric 
tons. The range in production was 8.1 (2.5-10.6) million 
metric tons. However, the range of production fluctuations 
is not as meaningful as the range of yield fluctuations since 
a second factor, area planted, is also involved. Techniques 
Table 5. Turkey: National and regional wheat yields 
(1946-70)3 
Turkey Region I Region II Region III 
(Kilograms per hectare) 
1946 952 961 1,028 798 1,110 
1947 777 801 726 649 844 
1948 1,086 1,192 1,201 1,066 1,086 
1949 628 552 722 867 956 
1950 864 809 856 868 778 
1951 1,169 1,164 1,179 1,107 1,177 
1952 1,194 1,173 1,185 1,118 1,112 
1953 1,248 1,371 1,425 1,557 1,121 
1954 765 676 705 1,113 900 
1955 977 963 954 1,217 1,184 
1956 872 774 807 1,220 791 
1957 1,159 1,136 1,141 1,274 1,260 
1958 1,147 1,162 1,152 1,398 1,066 
1959 1,042 1,038 1,167 1,226 1,249 
1960 1,097 1,100 1,109 1,265 1,181 
1961 907 829 892 1,135 1,085 
1962 1,083 974 1,033 1,266 1,216 
1963 1,273 1,342 1,329 1,230 1,009 
1964 1,054 1,050 1,081 1,188 1,256 
1965 1,075 1,057 1,079 1,212 1,386 
1966 1,208 1,224 1,298 1,272 1,329 
1967 1,250 1,262 1,272 1,319 1,433 
1968 1,154 1,172 1,154 1,441 1,151 
1965 1,230 c - - -
1970 1,163 - - - -
^Sources (130 and 133). 
^Central Anatolia consists of Regions 1, 8, and 9. 
means published data is not available. 
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Region IV Region V Region VI Region VII Region VIII Region IX 
(Kilograms per hectare) 
934 909 743 875 833 971 
558 850 848 796 729 961 
913 639 995 788 899 1,376 
892 473 498 677 442 387 
1,213 1,311 965 690 875 708 
1,050 1,259 1,333 1,088 1,274 1,077 
1,357 1,359 1,312 1,082 1,188 1,147 
1,227 1,219 869 1,016 1,261 1,342 
986 905 660 818 635 658 
1,063 740 868 865 1,026 947 
1,133 863 971 1,060 715 762 
1,409 1,118 1,019 1,085 1,091 1,151 
1,188 1,191 902 1,139 1,182 1,195 
1,202 934 763 996 1,050 880 
1,338 945 791 1,093 947 1,156 
1,306 462 946 974 836 751 
1,414 1,114 1,202 999 987 904 
1,259 1,053 1,258 1,150 1,184 1,428 
1,285 1,003 628 1,195 1,251 932 
1,200 946 836 1,115 982 1,068 
1,260 1,007 1,104 1,122 1,177 1,168 
1,382 1,142 942 1,266 1,042 . 1,344 
1,401 742 905 1,070 983 1.272 
Table 6. Turkey: National and regional estimates of wheat 
production (1946-70)^ 
Year National Central^ Anatolia Region I Region II Region 
(1,000 metric tons) 
1946 3,648 2,157 991 292 312 
1947 3,246 1,943 800 268 243 
1948 4,867 3,053 1,461 420 405 
1949 2,517 1,265 755 307 294 
1950 3,872 2,120 1,050 368 281 
1951 5,600 3,134 1,540 455 492 
1952 6,447 3,706 1,812 456 465 
1953 8,000 5,079 2,695 508 501 
1954 4,900 2,429 1,181 504 397 
1955 6,900 3,974 1,813 588 566 
1956 6,400 3,329 1,530 587 337 
1957 8,300 4,797 2,114 618 586 
1958 8,550 5,058 2,129 731 533 
1959 7,852 4,572 2,263 639 621 
1960 8,450 4,993 2,209 675 597 
1961 7,000 3,705 1,740 605 555 
1962 8,450 4,313 1,998 682 653 
1963 10,000 6,076 2,553 657 530 
1964 8,300 4,763 2,080 645 684 
1965 8,500 4,752 2,038 685 759 
1966 9,600 5,576 2,470 705 598 
1967 10,000 5,719 2,450 737 811 
1968 9,520 5,405 2,266 832 669 
1969 10,500 - - -
1970 10,000 - - - -
^Sources (130 and 133). 
^Central Anatolia consists of agricultural Regions 
1, 8, and 9. 
means published data is not available. 
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Region IV Region V Region VI Region VII Region VIII Region IX 
(1,000 metric tons) 
255 170 179 225 465 701 
168 204 229 191 407 736 
285 145 368 190 487 1,105 
288 95 154 153 223 287 
364 253 307 180 441 629 
338 316 581 283 655 939 
506 367 644 303 689 1,205 
540 446 609 317 772 1,612 
511 333 496 229 371 877 
556 293 646 276 682 1,479 
623 347 840 336 528 1,271 
789 427 740 344 817 1,866 
716 428 698 385 886 2,043 
713 336 602 368 773 1,536 
830 338 616 400 734 2,050 
818 171 778 368 630 1,335 
960 394 1,074 373 719 1,596 
832 363 1,085 456 947 2,576 
880 354 521 452 977 1,706 
821 331 748 405 801 1,913 
901 372 994 452 927 2,179 
988 388 871 486 811 2,458 
1,-038 288 859 429 785 2,354 
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for separating the relative effects of the two components 
are discussed in Sackrin (115) and in Burt and Fenley (17). 
2. Nonweather input variables 
As mentioned in the preceding sections, there are four 
general classes of input variables in addition to land. There 
are prices, fertilizer application, mechanization, and high-
yielding varieties. The last three variables are logically 
related in that they all measure forms of technological ad­
vancement. For example, to the individual farmer who already 
applies fertilizer, use of additional fertilizer either per 
hectare or simply on more hectares, represents additions of 
capital rather than technological advancement. However, for 
the country as a whole, characterized by low levels of fertil­
izer use, an increase undoubtedly means that new farmers are 
using it or learning about it for the first time. Consequently, 
the level of technical expertise of the farm population has 
risen. The same thing is true for most forms of increased 
mechanization. Since the three are logically related, there 
is a good chance that regression testing will indicate that 
all three tend to measure the same factor, with the result 
that use of any one of the variables is just as efficient as 
use of all three. 
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a. Prices With respect to prices, the basic hy­
pothesis was that planned wheat production differs from the 
previous year's plans because of changed price expectations. 
However, expected price is not a recorded series, so it was 
necessary to test several price series to determine which, if 
any, was closely correlated with expected price. Use of 
such methodology abstracts from the problem of how the ex­
pectations are formed and how changes take place. For example, 
the study tested only yearly mean prices. Of course, it may 
be the case that farmers base their expectations on harvest-
time prices only. 
The prices shown on Table 7 are taken from Turkish sources 
and are a price statistic entitled "prices received by 
farmers." The price is listed as the price that is the mean 
of the prevailing prices of crops sold by the villagers (130). 
The exact system of weights used to aggregate village data 
into one country-wide price is not specified. 
In a comment on the series,Orlan Porker indicates the 
prices reported are the simple averages of bimonthly observa­
tions at village markets (51). Thus small markets are 
weighted too heavily and large markets too lightly, the same 
bias appears for months of heavy and light marketings. De­
spite the bias, he feels the series does provide a relatively 
accurate index of relative price levels and changes. 
A second series of prices which may be of major importance 
Table 7. Turkey: Average annual prices for wheat and barley, 
selected wholesale price indexes and deflated 
wheat prices (1946-69)^ 
Calendar 
year 
Wheat 
price 
Wheat Barley 
price" 
Wholesale Price Indexa 
support 
price^ 
General All 
crops 
Livestock 
(Kurus)(Kilogram) -
1946 20.9 _ e 13.5 87 94 71 
1947 21.8 - 13.2 88 90 84 
1948 25.8 - 16.6 94 94 86 
1949 28.7 - 19.0 102 108 88 
1950 28.4 22 16.3 92 98 80 
1951 27.8 22 17.8 97 100 88 
1952 28.4 30 19.0 98 100 103 
1953 29.9 30 21.7 101 94 107 
1954 31.9 30 25.5 111 108 120 
1955 33.2 30 26.2 120 113 127 
1956 35.1 30 29.6 140 138 151 
1957 44.7 40 37.6 166 169 185 
1958 44.9 40 36.2 191 173 251 
1959 51.7 50 43.2 228 208 280 
1960 59.1 50 48.5 241 226 245 
1961 72.7 64 53.6 247 254 231 
1962 82.4 75 59.0 261 283 258 
1963 82.1 75 58.8 272 292 290 
1964 81.4 75 58.6 270 265 325 
1965 85.8 75 65.1 292 290 342 
1966 89.9 80 71.3 306 297 372 
1967 89.9 80 70.7 330 299 432 
1968 91.7 SO 74-2 346 311 426 
1969 97.2 85 80.0 367 335 444 
^Sources (130, 131, 51, 2). 
^Price received by farmers. 
^TMO support price. 
^1950-54 equals 100. 
means published data not available. 
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Deflated Wheat Price 
General All Livestock 
crops 
(Kurus) (Kilogram) 
24.0 22.2 29.4 
24.7 24.2 26.0 
27.4 27.4 30.0 
28.1 26.6 32.6 
30.9 28.9 35.5 
28.6 27.8 31.6 
29.0 28.4 27.6 
29.6 27.9 27.9 
28.7 29.5 26.6 
27.7 29.4 26.1 
25.1 25.4 23.2 
26.9 26.4 24.1 
23.5 26.0 17.8 
22.7 24.9 18.5 
24.5 26.2 24.1 
29.4 28.3 31.5 
31.6 29.1 31.9 
30.2 28.1 28.3 
30.1 30.7 25.0 
29.4 29.6 25.1 
29.4 30.3 24.2 
27.2 30.0 20.8 
26.5 29.5 21.5 
25.2 30.9 21.6 
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in affecting production plans are the support prices main­
tained by TMO (Toprak Mahsulleri Ofisi), the Soil Products 
Office, a state economic enterprise with the function of 
supporting grain prices and organizing marketing. TMO is 
also the agency responsible for importing wheat in years of 
short supply. The TMO support prices are shown on Table 7. 
It can be seen that they are generally lower than the re­
ported market price. The Forker Study indicates that TMO 
normally purchases less than 10 percent of production or less 
than 20 percent of the commercially available supplies (51). 
A problem with any series of price statistics in Turkey 
is that inflation is so rapid that a price increase for a 
certain commodity such as wheat, is meaningless until it is 
compared with the increase for other commodities. That 
problem can be alleviated by using some index of inflation 
to deflate the series, but a question exists about which is 
the proper index. Table 7 contains three indexes, a whole­
sale price index, a food crops price index, and a livestock 
price index. It was felt that there these series were most 
likely to be relevant to a Turkish farmer. The wholesale 
price index is commonly used as a deflator in supply response 
studies because it contains some items which make up the 
production costs for a farm. 
However, in Turkey that procedure might give a false 
impression because the price of many of the- major farm in­
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puts such as farm machinery and fertilizer, are government 
controlled and are not allowed to rise as fast as the general 
price level (99: 99 and 100). 
Deflating by either of the other indices gives an indi­
cation of how the price of wheat is doing in comparison to 
food crop prices and all livestock prices. The undeflated 
price of wheat rose over 300 percent during the 1946 through 
1967 period. The TMO support price followed the rise in the 
market price; but only during 1952 and 1953, years of extremely 
bountiful harvests, was the support price above the average 
market price. When deflated by the wholesale price index, 
the real price of wheat shows considerable variability. 
Changes of 10 percent from year to year are quite common-
Neither an upward nor a downward trend is readily apparent. 
Deflating by the food crop wholesale price index gives a 
general upward trend, while using the livestock price index 
gives a general downward trend. The price of barley has fol­
lowed a pattern similar to that of wheat, but it appears to 
have increased slightly faster. 
b. Fertilizer Use of fertilizer in Turkey has lagged 
behind that of other European countries. Table 8 indicates 
that total fertilizer use increased from less than a fourth 
of a kilo per hectare in 1947 to nearly 18 kilos in 1967. 
The figures shown are for all fertilizer use and for all 
Table 8. Turkey: Consumption of commercial fertilizers 
(1947-70)* 
Gross Nutrientsb 
Year N 
20% 
P 
16% 
K 
48% 
Total N P K Total 
(1, 000 metric tons) 
1947 4 5 1 10 1 1 — 2 
1948 6 6 2 14 1 1 1 3 
1949 21 6 4 31 4 1 2 7 
1950 29 13 - 42 6 3 - 9 
1951 20 23 - 43 4 4 - 8 
1952 27 34 7 67 5 5 3 14 
1953 46 31 5 83 9 5 2 17 
1954 21 40 21 82 4 6 10 21 
1955 52 84 1 138 10 13 1 25 
1956 44 26 12 82 9 4 6 19 
1957 48 34 - 82 10 5 - 15 
1958 46 24 - 70 9 4 - 13 
1959 118 58 - 176 24 9 - 33 
1960 46 60 1 107 9 10 1 19 
1961 140 77 - 217 28 12 - 40 
1962 180 105 10 295 36 17 5 58 
1963 187 219 21 426 37 35 10 82 
1964 258 265 9 532 51 42 4 98 
1965 349 443 11 803 79 71 5 146 
1966 468 546 13 1,027 94 87 5 186 
1967 676 847 15 1,538 135 136 8 279 
1958 985 1,250 20 2,225 197 200 10 403 
1969 1,225 1,338 24 2,487 245 214 12 471 
1970 1,165 1,227 44 2,436 233 195 22 439 
^Sources (130 and 133). 
^1947-70 was converted on the basis of 20% N, 16% P, 
and 48% K. 
^Nutrients per hectare was obtained by dividing total 
nutrients by area planted. 
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Nutrients per hectare^ 
N P K Total 
.106 .106 .222 
.106 .106 .106 .317 
.445 .111 .222 .779 
.608 .304 - .912 
.377 .377 - .755 
.425 .425 .255 1.189 
.691 .384 .154 1.306 
.303 .454 .757 1.590 
.704 .915 .070 1.760 
.618 .275 .412 1.305 
.695 .347 - 1.042 
.610 .271 - .881 
1.598 .599 - 2.197 
.588 .653 . 065 1.241 
1.851 .793 - 2.644 
2.374 1.121 .330 3.824 
2.422 2.291 .655 5.368 
3.319 2.733 .260 6.377 
4.642 4.643 .327 9.546 
6.083 5.630 .324 12.036 
8.702 8.766 .515 17.989 
12.532 12.987 .649 26.129 
15.459 13.503 .757 29.719 
14.946 11.803 1.411 28.160 
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cropped area. Though it is not available, data for'fertilizer 
use on the wheat crop would be much more valuable. 
A 1969 paper by the U.S. Agency for International Develop­
ment suggested that recommended application rates were 80 kg. 
per hectare on native wheat and 180 kg. per hectare on the 
new high-yielding varieties (62). 
The same study stated that in 1969, which was not an 
unusual year, less than half of the fertilizer used was applied 
on wheat. Since wheat accounts for over half of the sown area, 
it may be concluded that the average application rate on wheat 
was below the average for all planted hectares, i.e., below 
18.0 kilos per hectare. Since the problem here was to ac­
count for the effect that fertilizer use has had on production, 
a selection had to be made as to which series to enter in the 
model. Because of inadequate data on crops fertilized, areas 
of the country where fertilizer was used, and rates of fertili­
zer use, the decision was made to use total fertilizer consump­
tion (Column 4 on Table 8) as the best available proxy to 
represent the use of fertilizer on wheat. 
c. Mechanization One of the major goals of Turkish 
agricultural policy is increased mechanization of agriculture. 
Since World War II, Turkey has spent large amounts of foreign 
exchange in an effort to mechanize the agricultural sector 
of the economy. Starting from a position in 1946 when the only 
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common piece of modern equipment was an iron plow, Turkey 
has advanced only to the stage where approximately one-
fourth of the area cultivated is done by tractor power. Or, 
looking at it another way, although number of wooden plows 
is still considerably larger than number of iron plows; it 
appears that growth in wooden plow numbers has stopped. 
In an attempt to measure advances in technology, the 
number of iron plows in use was selected as a proxy. The 
basis for the selection is that iron plows are well distrib­
uted throughout the country, with the likelihood that most 
farmers have seen them and have been able to evaluate them. 
In addition, a time series longer than that shown on Table 
9 was available. 
Regressing yield against the number of steel plows in 
use gave the following results: 
30. Y = 809 + .23X 
R^ = .25 SD = 152 
where : 
Y = national yield in kg. per hectare 
X = plow numbers 
Time equals 1934-68, 35 observations 
Shortening the time period to 1946-68 gives very nearly the 
same results, except that the coefficient on X is slightly 
larger and the intercept slightly smaller: 
Table 9. Turkey; Selected indicators of mechanization (1946-7of 
Year Tractors Grain drills 
Combines Iron 
plows 
Too Units: 
Total 
iron 
plows 
1000 Units 
Tractor 
plows 
^Sources (130 and 133). 
means published data not available. 
Wooden 
plows 
1946 14 
b 
— 500 - - -
1947 16 - - 600 - — — 
1948 18 117 3 684 4 688 1625 
1949 92 - - 700 — — — 
1950 166 - - 750 — — — 
1951 240 - - 800 — — — 
1952 314 162 32 853 31 884 1982 
1953 357 208 45 900 36 936 1996 
1954 377 203 47 958 38 996 2031 
1955 403 249 56 1026 42 1068 2124 
1956 437 261 60 1033 45 1078 1916 
1957 441 270 65 1012 46 1058 1968 
1958 425 297 66 1059 46 1105 2112 
1959 419 301 62 1129 46 1175 2016 
1960 421 350 55 1159 47 1206 1991 
1961 425 347 56 1169 44 1213 2065 
1962 437 399 61 1210 47 1257 2087 
1963 508 398 59 1237 52 1289 1963 
1964 518 416 67 1323 55 1378 1981 
1965 547 434 65 1380 62 1442 2031 
1966 651 446 72 1445 73 1518 2085 
1967 750 535 78 1446 80 1526 2064 
1968 855 506 82 1447 90 1537 1984 
1969 961 654 83 1447 119 1566 1908 
1970 1059 648 86 1552 125 1677 1995 
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31. Y = 724 + .31X 
= .25 SD = 147 
Time equals 1946-68 or 23 years 
Another variable that is commonly used to represent 
technology is time. One criticism against using it is even 
when a good fit is obtained, it really explains nothing. 
Additionally, using time as a proxy for technological ad­
vancement implies that technology advances at a constant 
rate, a fact not fully in accord with the real world. To 
compare (1) regression of yields against plow numbers with 
(2) regression against time (a trend line), the following two 
equations are presented. Figures 5 and 6 present the same 
comparisons graphically. Appendix Table B1 presents the 
same information. 
32. Y = 880 + 7.61T 
= .19 SD = 158 
Time = 1934-68 or 35 years 
33. Y = 901 + 12.91T 
R^ = .26 SD =146 
Time = 1948-68 or 21 years 
As shown, there appears to be very little difference 
between Equations 31 and 33, which were estimated from 1948-68 
data; however. Equation 30 is slightly better (judged by 
standard deviation) than Equation 32. Despite that, at this 
Figure 5. Turkey wheat: Relationship between yield as a function of plow 
numbers and yields as a function of time, 1934-68 
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stage of testing there apperas to be no firm basis for ex­
cluding either of the variables from further tests. 
Thus far, three variables have been discussed, each of 
which could serve to measure some aspect of technology. At 
this time, it may be useful to remention that because of 
interrelationships between the three variables, in actual 
tests with an expanded model, any one and perhaps all three 
of the variables, may be eliminated because they lack sig­
nificance. 
d. Other variables Mention must be made of 
important variables that are not directly included in the 
discussion. First, production costs are not entered, pri­
marily because good sources of statistics are not available. 
In addition, the government controls the cost of many major 
inputs so that cost changes may be meaningless anyway (102) . 
The second variable for which detailed tests were not 
made is government expenditures. As mentioned in the last 
chapter, Seevers included that variable in his study (120). 
The rationale for not including it is that past acreage, A^_ 
probably includes most of the effects of past investments in 
agriculture, and in addition, current government investments 
are unlikely to immediately increase yields. 
The third area where some potential for production in­
creases exists is in irrigation. However, in most of Turkey 
and especially where the large irrigation developments lie. 
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climatic conditions allow cultivation of high-value industrial 
crops such as cotton, with the result that wheat occupies a 
place in the rotation only incidentally, if at all. The fact 
that wheat production plays only a small role in irrigation 
developments and the limited data available regarding the 
quantity of wheat irrigated indicated that the inclusion of 
it as a variable probably would not prove fruitful. 
3.. Weather variables 
As explained in the first section, one of the steps 
necessary to attain the major objective of this study was to 
quantify the relationship between weather and production with 
special emphasis on the weather-yield relationship. In a 
relatively dry wheat production area, such as central Turkey, 
the quantity of precipitation is known to have a major in­
fluence in determining the size of the wheat crop. The 
simplest relationship that suggests itself here is Y = f (TP), 
where Y is yield and TP is the quantity of precipitation during 
the growing season, roughly September through July. However, 
such a relationship abstracts from the timing of the precipi­
tation, a factor also is known to be important. 
The .study by West mentioned earlier separated the crop 
year into fall, winter, and spring growing periods and at­
tempted to estimate the effects that fall and spring precipi­
tation have on yield. He excluded winter rainfall from his 
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test (156). 
For the present study, weather data were gathered for 13 
stations at various locations throughout Turkey. In choosing 
the stations, an attempt was made to use stations which are 
important centers of wheat production and which would repre­
sent a typical climatic area. Figure 1, a map of Turkey, 
shows the major Turkish cities and the climatic areas within 
which they fall. 
Monthly precipitation and temperature data were col­
lected for all 13 stations for the 1946-68 period. In addi­
tion, for the Ankara station, the series was extended back 
to 1933. A Fortran program was used to convert monthly tem­
perature and precipitation data into a weather index of the 
general form: 
(A) I = P/T + 10 
Where I is an index number, P is precipitation (the annual 
total expressed in millimeters), and T is temperature (the 
annual mean expressed in degrees centigrade). The index was 
developed by De Martoneau, a French climatologist, who used 
it to classify climatic areas. Usually, it is referred to as 
an aridity index. As shown, the index is on an annual basis. 
On a monthly basis it is written as: 
P^ X 12 
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which keeps it on the same scale as the annual index. 
It can be calculated for any number of cumulative months 
by the formula : 
Z(P^) X 12 
^ Z(Ti) + 10 
n 
where P, T, and I have the same definition as before, n is the 
number of months to be aggregated, and i is the count variable. 
Formula C was extended by weighting each month by its 
estimated variance. Formula D was the result. In (D), P, 
T, I, n, i, have the same definition as before; is the 
estimated variance for precipitation in month i; is the 
estimated variance for temperature in month i; and and 
are the sum of the estimated precipitation and temperature 
variances respectively for months 1-n. 
ZP,V . x 12 
P-*-
nU^ 
(D) I . = ^ ] + 10 
nUt 
The formulae A, B, C, and D show that the higher the 
temperature and/or the lower the rainfall, the lower the 
aridity index. Thus, a low aridity index indicates a low 
degree of moisture and a high index indicates a high degree 
of moisture. A value below 20 usually indicates drought 
conditions. 
Several tests were made including monthly precipitation 
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as a yield influencing variable. The results of two such 
runs are presented below. The first shows the results if 
all months are included, the second includes only 4 months. 
34. Y 2= 59.2-0.05X^+0.12X2+0.11X3+0.38X^+0.08X5-0.13Xg-0.24X^ 
t = .13 .86 .57 1.81 .61 .95 1.72 
+0.07Xg+0.25Xg+0.36X^0+0.21X^1+0.04^^ 
.53 1.66 3.96 1.92 0.20 
= .65 SD = 14.8 
and 
35. Y2= 74.7 + 0.39X2 - 0.19X^ + 0.16Xg + 0.35X^0 
t = 2.17 1.48 1.54 3.93 
R^ = .50 SD = 15.0 
where : 
Tiae = 1334-68 
^2 - region 1 yields as a percent of the national 
yield trend. 
X^ = August precipitation in millimeters 
X, = September precipitation in millimeters 
Xg = October precipitation in millimeters 
X^ = November precipitation in millimeters 
Xg = December precipitation in millimeters 
Xg = January precipitation in millimeters 
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= February precipitation in millimeters 
Xg = March precipitation in millimeters 
Xg = April precipitation in millimeters 
X^Q = May precipitation in millimeters 
Xii = June precipitation in millimeters 
X^2 = July precipitation in millimeters 
t = statistical t test. The coefficients are signifi­
cant at the 5-percent level in both equations if the 
listed t is greater than 1.72 
2 R = correlation coefficient 
SD = standard deviation of the estimate. 
. Since one of the objectives of this study is prediction, 
the standard deviation of the estimate is more important than 
the correlation coefficient. Thus, though two equations have 
2 differing R , the standard deviations are very nearly the 
same. Both equations indicate that winter precipitation has 
a negative effect on yields, a fact not readily explanable 
at this time. The best suggestion is that winter precipitation 
is associated with a warm period which causes plant growth 
activity, with the result that winter kill increases during the 
next cold spell. 
To check the increased accuracy obtained by using the 
aridity index rather than monthly precipitation, a run was 
made comparable to Equation 34. The results are as follows: 
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77.9 - 0.30Xi + 0.51X2 + 0.22X3 + 0.42X4 + 0.02X5 
t = 0.32 1.59 0.68 1.68 1.63 
- O.lOXg - 0.29X^ - 0.12Xg + 0.35Xg + 0.62X^q 
1.52 2.64 0.57 1.49 3.64 
+ 0.50Xg^^+ 0.29X^2 
2.03 0.55 
= 0.69 SD = 13.8 
where the variables are as defined previously except X through 
X^2 are monthly De Martoneau aridity indices rather than 
precipitation for the month. The comparison indicates a high-
2 
er R and lower SD than was given by Equation 34. Conse­
quently since the aridity index contains more information 
and gave slightly better statistical tests, the study will 
concentrate on its use rather than on precipitation alone. 
B. Results and Evaluation of 
Regression Runs 
As set forth in the first section of this chapter, an 
attempt was made to explain variations in yield, area planted, 
and production. This necessitated three separate sets of 
regression runs using the data sets described in the 
preceding sections. 
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1. Yield model 
The yield model contained variables to represent weather, 
technology, and fertilizer use. The basic testing pattern 
followed was to make a regression run using the full 12 months 
of data and then to select the months that appeared to signifi­
cantly affect yields and to use those in tests against the non-
weather variables. Data on year-to-year changes in irrigated 
area were not available, and area in new varieties was too 
small to affect national yields. Consequently, they were 
not tested. 
A problem that arises is the stage of aggregation at 
which the calculations should take place. Logically, one would 
expect that the smaller the prediction unit the better the 
results, since climatic patterns vary and the data being used 
are most accurate in the immediate vicinity of the weather 
station. Table 10 presents five equations which compare the 
different aggregation levels. Equation 36 is the smallest 
level of aggregation—one weather station in one province. 
2 It gives quite a large R , indicating the equation explains 
a good portion of the original variation. However, the large 
standard deviation, roughly 17 percent of current yields, is 
too large to be used for predictive purposes. 
Equation 37 gives a second level of aggregation, that 
of Ankara weather tested against Region I yields (see Figure 
3 for the location of Region I). Region I produces more wheat 
Table 10. Selected equations comparing 1948-68 weather data and wheat yields, 
three aggregation levels, Turkey 
Equation and intercept 
level of aggregation intercept October- January- May June Trend R^ SDY^ 
36. Ankara weather and 
Ankara yields 538 0.9 -1.5 12.3 0.0 20.5 .68 172 
37. Ankara weather and 
Region I yields 791 2.4 -1.7 9.1 1.3 9.4 .62 137 
38. Region I weather (3 
stations) and Region 
I yields 373 2.3b -1.7° 7.9^ . .33® .55 148 
39. National weather (13 
stations) and. national 
yields 638 2.2^ -2.24% 8.3 0.28® .49 140 
40. Ankara weather and 
national yields 780 1.5 -1.7 7.8 1.3 11.7 .72 107 
^Standard deviation of the estimate. 
^September, October and November combination. 
^December, January and February combination. 
^March, April and May combination. 
®Plow numbers. 
^November only. 
^February only. 
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than any of the other 8 regions, although Region IX runs a 
close second. Compared with Equation 36, increasing the 
region size improved the size of the standard deviation but 
2 
resulted in a smaller R . 
Equations 38 and 39 are not fully comparable with the 
other three equations shown on the table because they have 
slightly different variables. Equation 38 regresses Region I 
yields on a 3-station weighted average index. Equation 39 
uses a 13-station weighted average index to predict national 
yields. In terms of information. Equation 38 uses slightly 
more information and Equation 39 slightly less than the other 
three equations. In either case, these equations are about 
the same as Equation 37 if the standard deviations are com-
2 pared but are slightly inferior in terms of R . 
Equation 40, regression of national yields on Ankara 
weather data, resulted in the best equation as measured by 
2 
either R or standard deviation. Explanation of why it 
turned out to be the best, though logic might dictate that it 
would not, lies in the fact that national yield fluctuates 
less than most of its component parts. In consequence, a set 
of weather data closely associated with yields in a major 
component of the total (as Equation 37 indicates) results in 
a smaller standard deviation than that of the component part. 
The major conclusion to be drawn from Table 10 is that Ankara 
weather data provide an estimate of total weather effects on 
wheat yields that is no worse than any of the subaggregations 
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tested. As a consequence, further tests concentrate on Ankara 
weather data and national yields. 
Equations 41 and 42 are shown to indicate the results of 
using either separate variables for May and June, the most 
important months, or combining them into one variable. 
41. Y = 788.9 + 1.77X^ - l.SSX^ + 7.66Xg + 10.3X^^ 
t = 0.44 2.06 4.18 0.48 
+ 10.88X7 
2.73 
sf = .83 Sp = 108.0 
42. Y = 747.2 + 2.00X^ - l.SOXg + 10.97X^2 + H.OSX^ 
t = 0.49 1.94 4.00 2.75 
= 0.81 SD = 110.1 
where : 
Time = 1948-68 
Y = National yields in kg. per hectare 
X^ = October-November aridity index for Ankara 
Xg = January-February aridity index for Ankara 
Xg = May aridity index for Ankara 
Xy = Trend line 1948 = 1 
X^^ = June aridity index for Ankara 
X^2 = May-June aridity index for Ankara 
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~ Fertilizer application, 1,000 metric tons 
= Plow numbers, 1,000 units 
t = t statistical t test 
2 R = Coefficient of correlation 
SD = Standard deviation of the estimate. 
A comparison of the two equations indicates that keeping 
May and June weather separate appears to give a slightly 
better estimate (Equation 41). However, the coefficient on 
the June variable (X^^) is not significant, so under normal 
circumstances it would be dropped from further testing. 
Thus, Equation 42 probably is the better equation since it 
includes the June weather information and the coefficient is 
highly significant. 
43. y = 600.8 + 1.79X4 - 1.48X5 + 11.18X^2 + 0.27X^4 
t = 0.44 1.90 4.03 2.66 
R^ = 0.81 SD = 111.3 
Equation 43 is a variation on Equation 42 in that it 
indicates what happens if plow numbers (X^^) are substituted 
for the trend line (X^). Comparing Equations 42 and 43 is in 
reality retesting to determine whether steel plow numbers 
or a simple trend line fit the data better. The comparison 
here indicates that the trend variable has a small advantage. 
This is just opposite to the conclusion reached earlier when 
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1934-68 data were used. However, in both cases, the dif­
ferences are minute. 
44. Y = 889.7 - O.SSX^ - 2.05X5 ll'17Xi2 °*^^*13 
t = 0.09 2.71 4.17 2.95 
= 0.82 SD = 107.5 
Equation 44 is a second variation on Equation 42 in that 
it includes the fertilizer variable (X^g) as a measure of 
advancing technology. Equation 44 appears to be the best 
of the three; however, again the differences are very small. 
The fall (October-November) weather variable in Equations 
42, 43, and 44 is not significant at either the 1- or 5-
percent levels. Equation 45 presents the results when the 
fall weather variable was not included in the test. 
45. Y = 883.9 - 2.03X5 + 11.15X^2 + 0.13X^3 
t = 2.93 4.31 3.04 
R^ = 0.82 SD = 104.3 
Not including the fall variable results in a smaller standard 
2 deviation and no change in the R . Since Equation 45 was the 
best prediction equation (as judged by SD), it was used to 
obtain the yield predictions that 1969, 1970, and 1971 
weather data would have indicated. These are presented in 
Table 11. Appendix B2 contains a table of actual, predicted. 
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and residual yields for 1948 through 1968 as estimated by 
Equation 45. 
2. Area model 
As mentioned, the major interest of this study is the 
relationship between production and weather. Since as calcu­
lated by Turkish officials, production is the product of area 
and yield, to provide a method for cross checking the pro­
duction forecast, an area equation was developed. It is 
presented below as Equation 46. 
46. A = 296.1 + 38.43P + 0.92A^_j^ - 1.64T 
t = 0.81 6.64 0.05 
= 0.95 SD = 319 E^ = 0.16 DW = 2.19 
where: 
A = area planted to wheat in 1,000 hectare units 
A. , = area nlanted to wheat in the orevious vear 
r-J- - -
P = wheat price received by farmers deflated by the 
index of cereal prices and lagged/year. The units 
are Kurus/kg. 
T = trend value =1-21 (1948-68) 
t = statistical t test 
2 R coefficient of determination 
SD = standard deviation of the estimate 
Ep = short-run supply elasticity 
DW = Durbin Watson Statistic 
As the equation indicates, area planted in the previous 
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year is closely related to the area planted in the current 
year with some of the difference likely due to price 
changes. The t test on the price variable indicates it is 
significant only at the 25-percent confidence level, a 
low level of significance. 
The Durbin Watson statistic indicates serial correlation 
probably is not a problem here; however in a function of 
this type (Y^ = f(Y^_^,P)) the Durbin Watson test tends to 
be biased. Thus a second specification regressing the 
year to year change in area on price was estimated to pro­
vide a check on Equation 46. 
The results were as follows: 
D^ = -754.3 + 42.IP - 20.3T 
t = 1.02* 1.59 
R^= .36 D.W.=2.42 
where ; 
°t " \~\-L 
other variables are as previously defined. 
As can be seen, the results are quite similar to those 
obtained with Equation 46. The coefficient on price is of the 
same general magnitude and the corresponding "t" statistic is 
too low to be considered significant at usually accepted 
levels. 
Appendix Table B2 contains a series of actual. 
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predicted, and residual areas for 1948-68 based on Equa­
tion 46. Table 11 presents similar information for 
1969, 1970, and 1971. 
3. Production model 
Since production equals the product of yield and 
area, an estimate of production can be obtained by multi­
plying the yield estimate by the area estimate. This will 
be called the indirect estimate of production. Secondly, 
production can be estimated directly if a regression 
equation is fitted to the production data and that equa­
tion is used to estimate production. Logically, such a 
production equation will contain the same, or at least the 
most significant, variables from the yield and the area 
equations. Equation 47 presented below is the best pro­
duction equation obtained from the variables used in the 
area and yield equations. 
47. W = 216.7 + 0.94A. , - 12.14X- + 78.76X._ + 0.89Xt, p t-1 9 Iz lo 
t = 5.09 1.97 3.70 1.98 
= 0.93 SD = 851.0 
where: 
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Wp = wheat production in 1,000 metric tons 
A . = wheat area in the previous year in 1,000 hectare 
units 
Xg = January-February aridity index for Ankara 
X^2 = May-June aridity index for Ankara 
= fertilizer consumed in 1,000 metric tons 
t = statistical t test 
2 R = coefficient of determination 
SD = standard deviation of the estimate 
Time = 1948-68 
Equation 47 contains all the independent variables used 
in Equation 45, the yield equation. In contrast, only the 
previous year's area proved to be significant among the 
independent variables tested from the area equation, number 
46. The standard deviation is approximately 9 percent of 
production in 1968, a year of high but not record production. 
Appendix Table B2 contains a series of actual, predicted, 
and residual production statistics for 1948-68 as developed 
by Equation 47. In addition, implied production estimates 
and residuals are shown for the same period. Table 11 presents 
similar information for 1969, 1970 and 1371. 
4. Evaluation of results 
This section provides an evaluation of the accuracy of 
the models developed in this chapter. Since absolute criteria 
do not exist for either accepting or rejecting an economic 
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model, the evaluation here will consider probability, results 
here as compared with those of other studies, and estimates as 
compared with actuality over both the historical period 
(1948-68—these data were used to calculate the coefficients) 
and for 1969, 1970, and 1971, which were outside the model 
calculations. 
From the preceding section, the standard deviations were 
104 kg. for the yield model, 310,000 hectares for the acreage 
model, and 851,000 metric tons for production. These trans­
late into 9 percent, 4 percent, and 9 percent, respectively, 
of the comparable 1968 values. In terms of probability, if a 
yield projection is 1,000 kg. per hectare, one can be reason­
ably sure that the actual yield will be between 896 and 1,104 
kg. per hectare. The chance of being wrong is one out of 
twenty. Similarly, with the same probability, if Equation 
46 gives an area projection of S million hectares, the 
actual area will fall between 7.7 and 8.3 hectares, or with 
a production estimate of 10 million metric tons, actual 
production will fall between 9.15 and 10.85 million tons. 
Comparing the results here with the studies reviewed in 
Chapter IV indicates that the results from this study compare 
quite favorably. In Perrin's study, the best equation of 
2 
winter wheat yield in Kansas resulted in an R of 0.82 and a 
standard deviation of 3.2 bushels per acre. Winter wheat 
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yields in Kansas averaged 22 bushels per acre during 1962-
66. Thus, the 3.2 bushel standard deviation represents a 
15-percent deviation (106). 
Oury's study of wheat production in France did not tabu­
late the standard deviations for each of the various models 
tested (103). However, on a summary sheet he shows that his 
yield models have standard deviations which are approximately 
6.0 percent of the current normal yield. His acreage and 
production model had standard deviations of 3.5 and 7.5 per-
2 
cent, respectively. The corresponding R for the equations 
were 0.91 for yield 0.94 for area, and 0.91 for production. 
His results, in terms of percentage standard deviations, are 
better than results obtained in this study. However, it is 
likely that wheat yields in France do not vary as much as those 
of Turkey. 
_  _ 2  
The Canadian study of wheat yields did not give either k 
or standard deviations; however, the study did show the range 
of estimated production to actual production (158). Excluding 
1954, a year of extraordinary low yields due to a rust infec­
tion, their production estimates ranged from 96 to 122 percent 
of those reported by the Canadian Government. In this study, 
the estimates range from 86 to 144 percent of reported produc­
tion. If the two extremes are eliminated, the range narrows 
to 88 to 124 percent of reported production. 
Table 11 contains the estimates of yield, area, and 
Table 11. Turkey wheat; A comparison of predicted and actual values for 1969, 
1970, and 1971 
Items Units 1969 1970 1971 Predicted Actual Predicted Actual Predicted Actual 
Yield kg. 1272 1230 1194 1163 1461 1552 
Area 1,000 hectares 8410 8660 8786 8616 8741 8700 
Production 1,000 m.t. 9997 10500 10150 10000 12381 13500 
Implied 1,000 m. t. 10696 10500 10494 10000 12771 13500 
Production 
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production that could have been made as soon as June weather 
data became available for the 1969, 1970, and 1971 harvests. 
The method of calculation is shown in Appendix A. As indi­
cated in Table 11, the 1969 projections are quite close to 
what was actually reported. In all cases for 1969, the pro­
jections differ by less than 5 percent. For 1970, the projec­
tions again are reasonably close to the reported values. For 
both 1969 and 1971, the implied production projection is closer 
to the actual value than is the single production projection. 
This phenomenon woi.'t always hold true as the 1970 estimates 
and Appendix Table B2 indicate. 
Appendix Table B2, somewhat similar to Table 11, gives 
a series of residuals for each of the years 1948-70. In Table 
B2, 11 of the 23 projections differed by more than 5 percent 
from the actual yields. Similarly, 2 of the area projections 
and 14 of the production projections differed by more than 
5 percent from recently reported values. The implied produc­
tion estimates had the same record in that 14 of the projec­
tions differed from the reported production by more than 5 
percent. Thus, the record indicates that with the restrictions 
and methods used for this study, the two methods are of approxi­
mately equal accuracy in estimating production. 
Figures 7 through 10 graph the relationship between actual 
and estimated values for yield, area, production and implied 
production. 
Figure 7. Turkey wheat: Relationship between actual and estimated area; 
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In summary, it appears that in relation to data within 
the model, (1948-68), to 3 years of observations outside the 
model, and to other studies of wheat production, the models 
listed here give relatively good results. However, the 
large standard error, and the differing results from the 
direct and implicit estimates of production, indicate that 
any estimates must be carefully compared with other esti­
mates. In addition, as indicated in the previous sections, the 
methods and patterns of wheat production in Turkey are chang­
ing rapidly, with the result that parameters estimated with 
1948-68 data may soo^ require re-estimation to bring them more 
in line with the current situation. 
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VII. QUANTIFICATION OF THE DIRECT EFFECTS OF 
IMPORTS OF PL-480 WHEAT 
Chapter V developed an analytical framework for quanti­
fying the place of food aid in the wheat production picture 
of Turkey. The basic relationship developed was that the 
elasticity of supply with respect to PL-480 imports is equal 
to the product of the elasticity of price with respect to 
PL-480 imports and the elasticity of supply with respect to 
a change in price. That is; 
23. E(S,I) = E(P,I) E(S,P) 
where ; 
I = PL-480 imports, S = supply, P = price, and the E's 
represent elasticities. 
The production model developed in Chapter VI indicated the 
magnitude of E(S,P), which from the above equation leaves 
E(P,I) as an unknown. 
In Chapter V, Equation 22 indicated that E(P,I) results 
when the right-hand side of the equation is solved. Equa­
tion 22 was presented as: 
PfP T) = E(D,Y) E(Y,I) - 1 
( ' ' S/D E(S,P) - E(D,P) 
where; 
E{P,I) = the elasticity of price with respect to 
the ratio of PL-480 imports to total 
supply of food 
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E(D,Y) = the elasticity of demand with respect to income 
E(Y,I) = the elasticity of income with respect to PL-480 
imports 
S/D = the ratio of supply to total disappearance 
E(S,P) = the elasticity of supply with respect to price 
E(D,P) = the elasticity of demand with respect to price 
At this point, unknown variables in Equation 22 include 
E(D,Y), E(Y,I), S/D, and E(D,P). The first section of this 
chapter will discuss previous estimates and current estimates 
of income and price elasticity of demand, since both are 
needed. The elasticity of income with respect to PL-480 ship­
ments, E(Y,I), will be assumed to be equal to its average 
value—that is, the proportion of national income derived 
from wheat. 
The logic underlying the assumption is the simple idea 
that any increase in PL-480 imports of wheat is an increase in 
real income and that increase will be the same as the historic 
proportion of real national income derived from wheat 
production. In mathematical terms, the assumption is: 
48. E(Y,I) = = k 
where ; 
49. k = SjPg/Yj, 
where Sq, Pq, and Y^ indicate historical supply, price, and 
national income. Substituting Equation 49 into Equation 48 
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gives : 
=0-
and transferring D/Y gives; 
51. 
dl DYq 
Then if the historical level of national income is close 
to the present level. Equation 52 is obtained: 
or 
53. dY = —or dy = -^ dlPg 
dlSoPg ^ Sq 
In words. Equation 53 says that the change in real 
national income is equal to the product of the ratio of 
domestic Supply to demand and the value of PL—480 imports « 
However, in looking at changes in national income due to 
PL-480 imports in any one year, it would be very exceptional 
circumstances for S/D to equal historical values or for the 
real price to be exactly the same as the historical real price. 
On the other hand, for relatively small shifts from historical 
levels, "k" should be a useable measure, despite the dif­
ferences between historical and actual relationships. Of 
course, the larger the change, the less valid will be the 
assumption. 
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The ratio S/D as used by Seevers is simply the ratio 
of supply to total demand, where supply consists of domestic 
production and demand is total disappearance (120). The model 
here contains variables for opening stocks and imports on the 
supply siCo, and for closing stocks, exports, seed, feed, 
waste, and food on the disappearance side; consequently, it 
was necessary to modify his definition. Since demand as 
defined here is availability for food, and supply is domestic 
production plus imports and stock changes, total supply can 
be converted to net supply by subtracting gross exports, 
stocks changes, seed, feed, and waste. Then by definition, 
the supply available for food use is net supply plus net 
trade, or more simply, demand minus net trade. Figured in 
that way, the ratio for the years 1954-68 gives a S/D ratio 
of 94.8 percent. 
A. The Role of Demand 
As mentioned in Chapter III, wheat and wheat flour play 
an extremely important role in the diet of the average 
Turkish citizen. Per capita consumption of approximately 
200 kilograms is one of the highest levels in the world. In 
addition, during the study period, per capita consumption 
continued to increase as income increased, probably because 
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substitute sources of calories and proteins were not readily 
available. On the downward side, real income declines are fol­
lowed by changes in the flour mixture so that it includes 
more barley and corn flour and less wheat flour. 
Reliable estimates of total wheat consumption on a year-
by-year basis are not readily available for Turkey. The pro­
cedure used to overcome that data shortage was to construct 
a data series and to obtain demand elasticity estimates from 
it. 
1. Previous estimates of demand elasticities 
A study prepared for USDA by Robert College used con­
sumer surveys to estimate wheat consumption (104). Also, 
the study made some estimates of the income elasticity of 
demand for wheat products in Turkey. In a study of five 
rural regions, they obtained an income elasticity of -0.083 
for all uses of wheat for all levels of income. The coeffi­
cient was positive for low income levels but negative for 
higher levels. The comparable value for urban areas was 
-0.112. In urban areas, the coefficient for income elastic­
ity of wheat flour was more pronounced: 0.88, compared 
with -0.80 for rural areas. A major shortcoming of that 
study is that no estimates of price elasticity are given. 
A second study by OECD adjusted some of the supply 
distribution tables prepared by Robert College and obtained 
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an elasticity of -0.09 for all food uses of wheat. This esti­
mate falls between the rural and urban estimates made by 
Robert College (104). 
A third study, made by FAO, shows an income elasticity 
coefficient of -0.20. However, FAO's methodology used a trend 
factor which indicated per capita consumption has been in­
creasing at 0.5 percent per year (43: 250). 
All three studies estimated what is called a composite 
elasticity, which means the effect of price changes was not 
considered. All three studies estimated demand for food 
use only. 
2. Estimating demand elasticities 
Lacking consistent estimates of the relationship between 
demand and price, and between demand and income, it was 
necessary to provide original estimates of those relation­
ships. Development of the relationship to be tested was guided 
by basic economic theory, which says the demand for a product 
is a function of price, income, and tastes. More precisely, 
per capita demand depends on (1) the price of the product, 
(2) the real income level of the consumer, and (3) the prices 
of substitute products. In functional notation, the rela­
tionship can be expressed as: 
D„ = 
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where : 
= per capita demand for wheat 
= price of wheat 
R = real income level of the consumer 
= prices for alternative commodities 
Table 1 presents the basic data used to estimate per capita 
consumption. 
As brought out in the footnotes accompanying Table 1, 
the wheat demand variable is really an estimate of availabil­
ity; reliable estimates of total disappearance, private stocks, 
and carryover in addition to seed needs are not available. It 
is assumed that nonseed carryover is small since TMO has the 
responsibility for year-to-year storage. Thus, availabilities 
shown on Table 1 should be representative of relative demand 
levels and of changes in demand. 
The prices for wheat, rice, and corn are wholesale prices 
rather than retail prices which the consumer faces. Using a 
wholesale price series involves the implicit assumption that 
the retailer's margin is fixed so that the retail price moves 
up and down in a constant relationship to movements in the 
wholesale price level. That assumption is necessary because 
it eliminates the problem of trying to estimate demand rela­
tionship for the various product stages at which wheat is 
retailed. 
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In addition to the problem of variable selection, another 
problem that arises is the form of the demand function to be 
tested. Forms tested included linear, which has the form: 
D = a + bY = cP^ = +dP^ 
semi-log, which has the form: 
D = a + b log y + c log + d log P^ 
double log, which has the form; 
log D = log a + b log Y + c log P^ + d log P^ 
and the log inverse, which has the form: 
log D = a - b/Y + c/P^ + d/P^ 
The implication of the different forms can be best under­
stood by looking at the way income changes affect consumption 
under each form. The linear form implies a constant rela­
tionship between wheat consumption and income, there is no 
leveling-off as the saturation level is reached. The semi-
of the income elasticity coefficient proportional to the 
change in quantities demanded. The double-logarithmic func­
tion implies a constant elasticity throughout the period of 
analysis. Use of this function is valid only if the analyst 
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is sure that the product in question is not approaching the 
level of complete saturation. The log-inverse function 
implies a decline in the absolute value of the elasticity 
coefficient proportional to the increase in per capita in­
come. Thus, when income tends toward infinity, the elasti­
city coefficient trends toward zero, and the demand level 
toward saturation. The log-inverse function typically ap­
plies to calorie intake, which increases rapidly when start­
ing from a state of hunger, and at high income levels, the 
log-inverse function implies caloric intake tends toward a 
level determined by physiological criteria (43). 
Using the availability estimates from Table 1, as 
indications of per capita consumption, the four equation 
forms were estimated as follows: 
linear: 
C = 1819 - 502. IP 4- l.OY + 14.5P 
w r 
t = 2.2 4.6 0.4 
E = -0.74 .77 0.08 
R^= 0.84 DW = 1.98 
semilog; 
3307P„ + 3878Yt + 173P^n 
w i ri 
2.3 5,4 0,2 
E = 6 8  . 8 0  
DW = 2.13 
04 
0.87 
log-log 
C^=0.38 
t = 
0.69P + 0.97Y, + 0.13P , 
w X rx 
1.9 5.2 0.6 
E 69 97 13 
R 2 85 DW = 1.99 
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log-inverse 
= 3.51 + 680.  
6.1 
.99 
0.43P 
ril 
• t 
E 
2 . 0  
-.65 
0.5 
09 
R 2 0 . 8 8  DW = 2.12 
v;nere 
C = Availability of wheat in hectograms per capita. 
= Average price of wheat at the Istanbul Exchange 
deflated by the wholesale price index for all crops. 
Y = National income per capita. 
P^ = Average price of rice at the Istanbul Exchange de­
flated by the wholesale price index for all crops. 
1 = Logarithmic form of the variable. 
i = Inverted form of the variable. 
E = Elasticity estimate. 
r2 = Correlation coefficient. 
DW = Durbin Watson statistic. 
Price and income elasticities were calculated for the four 
equation forms. Although there are some differences, the four 
forms gave similar results. Estimates of income elasticity 
ranged from 0.77 to 0.99, while the own-price elasticity esti­
mates ranged from -0.65 to -0.74. 'The tests indicated that 
neither corn nor rice is strongly competitive for the con­
sumers lira. 
The large positive relationship between income and de­
mand are open to question on the grounds that in a country 
with a high level of wheat consumption, the normal expecta­
tion is that increases in real per capita income lead to very 
small increases or else decreased in cereal consumption. How­
ever, as suggested earlier, the period under analysis appears 
to have been one in which many of the consumer units have 
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switched from lower value grains to wheat. Future increases 
in income probably would not carry with them the large in­
creases in per capita consumption. In any case, the analysis 
here tested a relatively large positive income coefficient 
since much of the interest is in what has taken place. How­
ever, since there is reasonable doubt that the same elasticity 
would hold for further income increases, the analysis also 
tests the results if a small negative income elasticity is 
used. 
In Turkey, agriculture accounted for 40 percent of 
national income (net national product) in 1960. Similarly, 
cereal accounted for approximately 30 percent of the net 
agricultural product and wheat accounted for slightly more 
than 60 percent of that (89). Thus, wheat production alone 
accounted for 18 percent of the value of agricultural produc­
tion or 7.6 percent of the net national product. Of course, 
these ratios fluctuate from year to year but the general trend 
is for a lower proportion of net national product to be 
produced by agriculture. The latest estimate is that in 1972, 
agriculture accounted for only 27 percent of net national 
product (147). 
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B. Application of the Food 
Aid Model 
Going back to Equation 22 which states: 
E(P I) - E(D,Y) E(Y,I) - 1 
S/D E(S,P) + E(D,P) 
where all variables are as previously defined. 
The elasticity of demand with respect to income, E(D,Y) 
has been calculated—the range of calculated values was 0.766 
to 0.986, with the largest value coming from the equation with 
2 the largest R . The elasticity of income with respect to 
changes in imports E(Y,I) was assumed to be equal to the ratio 
between national income and national income from wheat produc­
tion. That rate was 7.6 percent. In the denominator of 
Equation 22, S/D, the ratio of net domestic wheat supply to 
food demand was estimated to be 94.8 percent, which was 
rounded to .95. The elasticity of demand with respect to 
price, E(D,P) was calculated with a range of -0.65 to -0.74. 
The elasticity of supply with respect to price, E(S,P), 
presents some further complications. As mentioned in Chapter 
VI, using a Nerlovian production model results in two estimates 
of price elasticity to supply, a short-run estimate and a long-
run estimate related to the expected price. Because of this 
and the fact that E(D,Y) as estimated is not completely in 
accord with what would be expected judging by the stage of 
Turkey's development. Tables 12 and 13 were constructed to 
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show possible price and production effects for selected 
combinations of supply and demand elasticities. 
Looking at Table 1 2 ,  it can be seen that the largest 
price change associated with a 1-percent increase in supply 
due to PL-480 shipments is 4.65 percent, which only happens 
when both supply and demand elasticities are low, -0.2 and 0.0, 
respectively. In the Turkish case, the price elasticity of 
demand was estimated to lie between -0.6 and -0.8. Thus, for 
the range of supply elasticities shown in Table 12, the range 
in price effects for a 1-percent increase in supply due to 
PL-480 shipments is 0.5 to 1.6 percent, and the associated de­
crease in production ranges from 0.0 to 0.60 percent. 
Previously mentioned was the fact that a Nerlpvian pro­
duction model may yield two different supply elasticity esti­
mates, a short-run estimate and long-run estimate. The long-
run estimate is related to expected price. Equation 46 indi­
cates a short-run elasticity of 0.16, and a coefficient of 
adjustment of 0.08 (1 - 0.92). Thus a long-run elasticity of 
2.0 is indicated. 
There is considerable difference between the long-run and 
short-run because of the extremely low coefficient of adjust­
ment. With such a low coefficient, it would take more than 30 
years to achieve 95 percent of the total adjustment. Even a 
50-percent adjustment would take over 8 years. 
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C. Presentation and Analysis 
of Results 
Returning to the original objective, that of analyzing 
the effect that PL-480 shipments have had on domestic produc­
tion, Table 12 indicates for plausible ranges of demand and 
production elasticities what the probable price effects have 
been. Table 12 is based on the calculated income elasticity 
which was large and positive. Based on a small negative in­
come elasticity. Table 13 gives similar information. The 
range of supply elasticities—0.0 to 0.2—and demand elastic­
ities—0.6 to 0.8—indicates the range of price changes would 
be between 1.55 to 0.94 percent. For the same elasticity 
ranges, the associated production changes ranged from 0.0 to 
0.24 percent for each 1-percent change in the contribution of 
PL-480 imports to food disappearance. Using an income elas­
ticity of demand of 0.98, a price elasticity of-0.68 (from the 
log-inverse formulation), and a supply price elasticity of 
0.16, yields a price change of 1.11 percent and an associated 
production change of 0.178 percent for each percentage change 
in the contribution of PL-480 imports to total disappearance. 
If one uses an income elasticity of -0.20 and the same demand 
and supply elasticities, the changes are only slightly dif­
ferent, 1.18 percent for price and 0.19 percent for production. 
The analysis thus far has proceeded on the assumption 
that approximately 5 percent of the domestic availability is 
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made up of PL-480 wheat. Since the inception of the program, 
nearly all recorded imports have been received under the 
PL-480 program. However, since 1954, when Turkey first 
received PL-480 wheat, wheat import levels have ranged from 
28,000 metric tons to 1.29 million metric tons. In terms 
of contribution to the food supply, that range represents 
0.3 to 20.5 percent. Both extremes significantly differ from 
the 5-percent suggested by the average. If 5 percent is 
taken as a normal, then the relevant range of changes in PL-480 
shipments has been between -4.7 and 15.5 percent. 
According to Equations 22 and 23 a 4.7-percent decrease 
in the normal level of PL-480 shipments would be associated 
with a price rise of 5.23 percent, which would lead to a 
short-run production increase of 0.84 percent. Similarly, 
a 15.5-percent increase in the proportion of the food wheat 
supply raade up by PL-4S0 imports in 1961 would have been 
associated with a 17.25-percent decline in the real price of 
wheat. This, in turn, would have led to a 2.76-percent 
decline in planned production in the following year. If one 
assumes that a small negative income elasticity applies, the 
same calculations indicate a 20.4-percent drop in real prices, 
and a 3.3-percent decline in production in the following 
year. 
Despite that fact that this analysis indicates decreased 
prices and production, planned production, as represented by 
Table 12. Price and domestic output effects of a one-percent change in PL-480 
contribution to wheat demand in Turkey if a large positive income 
elasticity of demand is assumed® 
Price elasticity Elasticity of Supply 
of demand 0.0 0.2 0.4 0.6 0.8 1.0 
price change 
0.2 4.65 2.38 1.60 1.21 0.97 0.81 
0.4 2.33 1.58 1.19 0.96 0.80 0.69 
0.6 1.55 1.18 0.95 0.79 0.68 0.60 
0.8 1.16 0.94 0.79 0.68 0.60 0.53 
1.0 0.93 0.78 0.67 0.59 0.53 0.48 
Percent production change 
0.2 0.0 0.47 0.64 0.72 0.78 0.81 
0.4 0.0 0.32 0.48 0.58 0.64 0.69 
0.6 0.0 0.24 0.38 0.47 0.54 0.60 
0.8 0.0 0.19 0.32 0.41 0.48 0.53 
1.0 0.0 0.16 0.27 0.35 0.42 0.48 
®E(D/Y) was taken to equal 0.98 as indicated by the log inverse equation. 
Table 13. Price and domestic output effects of a one-percent change in PL-480's 
contribution to wheat demand in Turkey if a small negative income 
elasticity is assumed^ 
Price elasticity Elasticity of Supply 
of demand o
 
o
 
0.2 0.4 0.6 
00 o
 1.0 
Percent price change 
0.2 5.10 2.62 1.76 1.32 1.06 0.89 
0.4 2.55 1.73 1.31 1.05 0.88 0.76 
0.6 1.70 1.29 1.04 0.87 0.75 0.66 
0.8 1.27 1.03 0.86 0.74 0.65 0.58 
1.0 1.02 0.86 0.74 0.65 0.58 0.52 
Percent production change 
0.2 0.0 0.52 0.70 0.79 0.85 0.89 
0.4 0.0 0.35 0.52 0.63 0.70 0.76 
0.6 0.0 0.26 0.42 0.52 0.60 0.66 
0.8 0.0 0.21 0.34 0.44 0.52 0.58 
1.0 0.0 0.17 0.30 0.39 0.46 0.52 
^E(D,Y) = -0.2 was assumed. This is the value used by the latest U.N. 
projection series. 
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area planted, continued upward in both 1962 and 1963. The 
probable explanation is that TMO, the government agency 
responsible for orderly wheat marketing, raised the support 
price in 1961, which had the effect of increasing the whole­
sale price but not of stimulating 1961 production because the 
buying price is announced just before harvest and not before 
planting. The net result was an upward pressure on the whole­
sale price level, which cannot be accounted for by demand 
factors alone. 
Going back to the Nerlove model, it was shown that; 
where: 
P* = expected price 
B = coefficient of adjustment 
P = actual price 
t = year 
Thus, a change in last year's price (P^_^), of say 10 percent, 
will change the expected price by 10 percent of B or in this 
case by 0.76 percent. Thus, a 17.25-percent decline in P, 
as 1961 PL-480 import levels suggest, should have led to a 
decline of 1.31 percent in the expected price in 1962. Using 
the elasticity of expected price, a 1.3-percent decline would 
lead to a decline in production of 2.6 percent in the follow­
ing years. However, planned production did not decline so it 
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appears that production is either price insensitive or that 
the expected price did not fall. 
Despite the high level of PL-480 imports in 1961, the 
real wholesale price of wheat may not have fallen because the 
support price was increased to 128 percent of the level that 
prevailed in 1960. At the same time, however, the wholesale 
price index rose only 12 percent. Thus, since the government 
raised the support price, it seems likely that a price in­
crease rather than a price decrease was incorporated into 
the expected price formulation. Such incorporation would 
lead to an increase in expected price and an increase in 
production. Similarly, in other years, changes in the support 
price may have offset some of the price-depressing effects of 
PL-480 imports because the new support price rather than the 
old market price was incorporated into the expected prices. 
Comparing the results here with those obtained by 
Seevers indicates that the same general conclusion have been 
reached by both studies. That is, with either the income 
and price elasticities that have been calculated or with those 
assumed the effects of small increases or decreases in PL-480 
shipments from their average or normal level have been small— 
probably not exceeding 1 percent for a 1-percent change in 
the proportion of PL-480 wheat in total consumption. Using 
selected elasticity coefficients for India, Seevers estimated 
a 0.40-percent production decrease would result from a 1-
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percent increase in PL-480 shipments (120). The analysis 
here indicates a Turkish production decrease would be even 
less under the same conditions. In addition, large changes— 
for instance, the 1961 case where PL-480 imports made up 
over one-fifth of the total supply—did not cause immediate 
substantial changes in the price or production. 
The conclusion here is not in disagreement with that of 
Restât Aktan, who stated that in Turkey, the disincentive 
effects were not isolatable and that other effects of PL-480 
imports were more important anyway (2). This study concen­
trated on quantifying disincentive effects, and in regard to them 
it was found that in the short-run they are very small and 
that on a long-run basis they are spread over many years, 
which makes them subject to any countervailing forces that 
may arise. These countervailing forces may include forces 
set in motion by the PL-480 imports themselves,, such as an 
upward shift in demand due to higher incomes, or a downward 
shift due to taste changes because of temporary shortages 
and higher prices for wheat. 
D. Discussion of Assumptions 
In the discussion of the theoretical aspects of the food 
aid model, six assumptions were laid out to simplify the 
model. The following discussion considers the reasonableness 
of the assumptions and the effects of relaxing them. 
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The first assumption, E(A^_^,I) = 0, is true on a 1-year 
basis since cannot be changed. The analysis of a series 
of observations raises the possibility of serial correlation 
since as formulated, = f(P^_2, and P^_2 depends in 
part on However, and has been treated as an 
exogenous variable related more to weather and political con­
siderations than it is to price. Also, as previously indi­
cated, though price does affect A^, etc., it is a 
very slow process whereby price changes are incorporated into 
the expected price. 
The second assumption, dW/dl = 0 (that is, no causal re­
lationship exists between PL-480 shipments and weather), needs 
no further explanation, however, the reverse is not true. 
The third assumption, dT/dl = 0, is probably untrue 
but a priori, little can be said about its sign, much less 
about its magnitude. It could be that PL-480 shipments 
operating through the price system cause farmers to use less 
machinery and fertilizer, while at the same time at the 
national level, saved foreign exchange allows the government 
to make substantial investments in agriculture. Short of an 
in depth field research project, it is impossible to do more 
than speculate about the sign of the effect. 
The fourth assumption, dX/dl = 0, (that is, PL-480 
imports do not affect the level of exports), appears to have 
been unrealistic during the first years of PL-480 shipments be-
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cause exports continued despite incoming PL-480 wheat. It 
seems likely, though no evidence is available, that optimistic 
forward contracting was responsible for the exports rather 
than PL-480 shipments. In any case, the exports stopped 
and did not resume until 1968, a year of no imports under 
PL-480 programs. Consequently, it would appear that the 
assumption has been valid in most years. In any case, if the 
condition does not hold true, imports would facilitate ex­
ports; that is, E(X,I) would equal 1. The current regulations 
governing PL-480 programs require permission to export even 
small quantities in years when a country requests PL-480 
grain. If free imports were allowed, there also would be some 
downward price pressure since the world market price is lower 
than Turkey's internal price. 
Assumption 5, dQ/dl = 0 (that is, PL-480 imports do not 
affect other factors in the disappearance of wheat), can be 
relaxed without changing the results of the model since all 
changes are small. The most obvious relationship is that 
PL-480 imports tend to cause price decreases which tend to 
lower planting plans, which, in turn, decrease the need for 
wheat for seed. It is not expected that feed use changes with 
the level of PL-480 imports. 
The sixth assumption was dN/dl = 0 (that is, PL-480 im­
ports do not affect population growth). The assumption would 
only prove false in some of the world's poorest countries 
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where food shortages mean starvation. However, in Turkey, 
development has reached the stage that this is very unlikely 
to happen. Also, a considerable quantity of feed cereals— 
especially barley and corn—could be used for food in a real 
food emergency. 
Also, it was assumed that E{M,I) was equal to zero. 
That is, PL-480 imports do not affect the level of commercial 
imports. An in depth research effort would be required to 
determine the actual value for E(M,I). However, a priori, 
since by definition E(M,I) = ^  the feasible range for 
E(M,I) is 0 to -1.0. That is, the effect of PL-480 imports 
on commercial imports may range from none to a unit-per-unit 
rate of substitution. 
Looking at Equation 22, if E(M,I) were included it would 
have the following form: 
T ?  f T k  V \  ?  f V  T \  _  1  _  T ?  f M  T  \  
^ ' S/D E(S,P) - E(D,P) 
Prior to adding E(M,I) the numerator had a numeral value 
of approximately -1.0 under either assumption of income 
elasticity of demand {E{D,Y)), while the denominator was 
constant at 0.832. Thus, any value of E(M,I) ranging between 
0.0 and -1.0 would tend to decrease the absolute value of 
E(P,I)—that is, it would tend to decrease the response of 
price to PL-480 imports. Only in the case where E(M,I) is 
a positive number (PL-480 imports encourage commercial imports) 
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would there be an increase in the absolute value of E(P,I). 
Though it may prove true over a long-run situation, this 
latter situation seems very unlikely to hold in any one year. 
Thus, the assumption dM/dl = 0 seems to be the most 
logical since (1) the true functional relationship is unknown 
and (2) setting dM/dl = 0 allows estimation of E(P,I) at the 
maximum absolute value that seems likely based on what seems 
to be feasible ranges for E(M,I). 
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VIII. PL-480 AND TURKISH DEVELOPMENT 
POLICY 
The objective of this study was to quantify the relation­
ship between PL-480 shipments and wheat production and to 
analyze some of the implications of that relationships. Al­
though the analytical model indicated only small production 
decreases should be expected, statistical tests on the coeffi­
cients indicated one can place little confidence in the 
accuracy of the estimated price-production relationship. Thus 
any conclusions which draw on that estimate must be con­
sidered as tentative. Of course, even tentative conclusions 
have policy implications which, when analyzed, may indicate 
problem areas where additional information is needed before 
policy related decisions can be made. 
One of the first implications of this study is that 
further research is needed to more fully determine how Turkish 
farmers respond to prices. And, if price response is as low 
as estimated, to what should past production increases be 
attributed. However before specifying additional research 
needs, it may be well to discuss Turkish development plans so 
that research needs indicated by this study can be focused on 
specific problem areas. Following that, some policy alterna­
tives suggested by this study and directly related to Turkish 
development plans and the PL-480 program are presented and 
discussed. That discussion lays the basis for the policy 
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related research suggestions presented in Chapter IX. 
A. Review of Contemporary Development 
Plans 
Presently, Turkey operates under a 15-year development 
plan. That plan is divided into three 5-year sections. Al­
though 1973 is the first year of the third plan, the details 
of the third 5-year plan have not been published. Therefore, 
the discussion will center on the general themes of the first 
two plans. The expectation is that the theme was carried into 
the third plan. 
1. The first development plan 
The base objective of Turkey's first development plan 
(1963-67) was to achieve a 7-percent rate of growth in GNP. 
As part of the plan, and to provide a standard for comparison, 
each basic sector of the economy was assigned a growth rate. 
The first plan suggested annual rates of 4.2 percent for 
agriculture, 11.2 percent for industry, and 7.2 percent for 
the service sector. Besides the planned growth rate, the 
first plan had a secondary objective of reducing the de­
pendence of agricultural production on natural phenomenon. 
In addition, the plan called for an increase in the living 
standard for farm workers and owners (28). 
During the first plan (1963-67), the average production 
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increases in all but one of the subsectors of agriculture re­
mained below the projected target. In the case of coarse 
grain production, the projected annual increase was 2.8 per­
cent but only 1.7 percent was realized. For wheat, the 
target was 2.3 percent with 1.8 percent realized. The 
relatively better performance by wheat tends to confirm the 
earlier conclusion that PL-480 imports did not dampen wheat 
production to any great extent. Other targets and shortfalls 
include pulses, targeted at 4.4 percent with 3.2 percent 
realized; fruit, 4.8 percent targeted with 2.6 percent real­
ized; vegetables, 4.6 percent targeted, 3.8 percent realized. 
Animal products missed their targeted 5.5-percent growth rate 
by a full 2 percent. Industrial crops were the one bright 
subsector—a 5.7-percent annual rate of increase was 
targeted but a 7.7-percent rate was obtained. The realized 
growth rate for the agricultural sector as a whole was 3.0 
percent. The industrial sector of the economy missed its 
targeted growth rate of 11.2 percent by 2.3 percent; however, 
growth in the service sector was roughly equal to its target 
rate. 
Regarding land use, the first plan agreed in principle 
on paper at least, that too much land had been converted from 
pasture land to wheat production. However, rather than 
attempting to reverse the trend, the plan took as its ob­
jective stopping the expansion of cultivated land at the 
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expense of pastures. The plan also made provision for de­
creasing the area of fallow by 6.5 percent during the period. 
The implementation of both measures did not proceed as planned 
and as a consequence there was little change in the pattern 
of land utilization during the period. In fact, trends 
contrary to the goals continued. 
2. The second development plan 
The second plan was very similar to the first. Again, 
a 7-percent rate of growth was targeted. Again, industry 
was expected to be the leading growth sector. If the targets 
had been met, industry would have surpassed agriculture as the 
largest sector. The respective target rates were 4.1 percent 
for agriculture, 12-0 percent for industry, and 6.8 percent 
for services. Preliminary economic data for 1972 indicates 
that gross national product increased from 105.2 billion lira 
in 1967 to 143.9 in 1972, (1968 lira) an increase of 37 per­
cent or just less than the target growth rate. During the 
same period, the agricultural sector increased approximately 
18 percent overall, or approximately 3.4 percent annually. 
Data to measure the performance of the various subsectors with­
in agriculture is still unavailable. 
While setting targets for the second 5-year plan, it was 
assumed that the size of the cultivated area would not increase 
and might even decrease during the period. Also, the plan had 
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a provision calling for a 10-percent decrease in fallow area 
during the 1967-72 period. Data available through 1971 
indicate only limited success in meeting that goal. In 
1971, the area cultivated and the area followed were both, 
below their respective values for 1969. However, these very 
small changes—less than 1 percent—indicate very little 
since similar changes have taken place in the past but have 
been followed by increases in the following years. 
3. The third five-year plan 
Details of the third 5-year plan have not been made 
available, however, it is known that the target growth rate 
for GNP has been raised to 7.5 percent annually. Perhaps 
the increase is a reflection of the fact that the second plan 
met its goal despite the fact that agriculture fell behind. 
Industry again is expected to be the sector having the fastest 
growth. Much of the industrialization plan calls for import 
substitutes. Also, like the two previous plans, the third 
plan calls for large investments by the public sector. 
It is expected that the agricultural sector will play 
roughly the same role and has the same goal as in the first 
and second plans. 
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B. Implications for Domestic Policy 
Regarding PL-480 
As mentioned in previous chapters, wheat production plays 
a very important part in the economy and political life of 
Turkey. For the individual, wheat alone provides over one-
third of his daily food intake on a gross-weight basis. On a 
caloric basis, wheat provides roughly two-thirds his needs 
(47). That wheat production accounts for only 7 percent of 
GNP tends to underestimate the importance of wheat, since 
agriculture still provides employment for well over half the 
population and wheat production is the dominant activity 
within agriculture. 
Although it is hard to document, wheat production also 
has political implications. Newspapers carry accounts of how 
fall sowing is proceeding and speculate about the effects of 
an abundance or a shortage of rainfall. Many parliamentary 
debates concern governmental policies that affect the supply 
of wheat. Rumors of shortages are picked up and broadcast 
by clandestine radio stations. All of these indicate a 
good deal of political sensitivity about wheat supplies. 
However, as previously mentioned, Turkey has expanded 
the area planted to wheat past feasible bounds. As early as 
1959, experts from FAO suggested that the expansion of wheat 
area had gone too far (49). The first 5-year plan, adopted in 
1963, recognized that fact although it did not actively pro­
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mote policies to rectify the situation. The second 5-year plan 
was more explicit and may have achieved the goal of stopping 
expansion of wheat area. Details of the third plan are not 
available, but it is expected it also carries the goal of re­
ducing the area planted to wheat. More recently, a joint 
US/Turkish task force suggested the same thing (72). 
1. A policy alternative regarding wheat production 
Thus, despite the political, economic and dietary 
factors, Turkish development planners suggest that it should 
actively implement measures to carry out a policy for a re­
duction in wheat area. PL-480 could play an important role 
in such a policy because as part of that policy, Turkey might 
plan to use PL-480 wheat in years in which shortfalls occur. 
Rationale for such a role is that it would minimize the risk 
should bad weather cause poor yields in a year when area also 
is down. If accompanied by a prudent storage policy, and 
earlier more reliable estimates of a potential shortfall, the 
risk of a temporary shortage could be reduced, which means that 
the political risks could be minimized. An additional advantage 
is that FL-48G sales usually yield a profit for the government, 
which could release funds for other purposes. 
If the Turkish Government is serious about its announced 
policy of reducing wheat area, then the planning of programs 
designed to implement that policy should involve identifica­
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tion of critical problems needing research. Results from 
such research would facilitate more rational decisions re­
garding adoption of such a policy. 
This study was designed to provide definitive answers 
to two of the questions that relate to Turkish Pl-480 policy 
and domestic development. And although the analytical model 
provides insight into some of the more complex interrela­
tions a development program must consider, it did not provide 
definitive conclusions, as judged by standard statistical 
criteria, regarding the effect of PL-480 on production. Thus 
conclusions derived from the analytical section must be re­
garded as tentative. In addition, there have been changes 
in the PL-480 program and in Turkish production technology 
with the result that even tentative conclusions based on the 
1948-68 period may need revision. Thus before discussing 
the proposed policy in greater depth, it may be well to 
review two of the major events that have taken place 
since 1968. 
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First, Turkey has been strongly affected by the Green 
Revolution so that with normal yields, wheat production is 
large enough to satisfy consumer demand. In fact, in good 
years an attempt is made to export the extra wheat. How­
ever, wheat exportation has proved to be a problem on two 
fronts. First, internal support prices are considerably above 
world prices so that exports require a significant level of 
subsidies. Second, export facilities are lacking so that even 
the relatively simple shipment such as 25,000 tons to Iran 
(from the 1971 crop) caused considerable difficulty. For 1972, 
small export shipments were also programmed, but again there 
was reasonable doubt that the shipping schedule would be met 
(83) . 
The second factor is that the PL-480 program itself has 
changed. During, and for 2 or 3 years prior to, 1971, the 
PL-480 program phased out payment in domestic currencies, 
and went to either a dollar or another form of convertible 
currency method of payment. For Turkey, with a chronic 
balance of payments problem, the shift tends to add to the 
cost of PL-480 commodities. 
Despite these changes, the PL-480 progress still carries 
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some of the best export financing in the world. Many loans 
during 1971 were written with 5 percent down and interest 
rates of 2 or 3 percent annually. This means that PL-480 
wheat imports have a present value considerably less than 
wheat with 3-year, 6-percent CCC financing or similar 
financing from Canada or Australia. Of course, this also 
holds for products other than wheat. 
2. Policy specification 
Subject to the statistical results from the study, to 
the two changes mentioned above, and to its own development 
goals, it seems that Turkish policymakers might take this 
opportunity to consider actively promoting a policy of 
switching land out of wheat. And as part of those considera­
tions, Turkey might with some justification assume that PL-480 
wheat will continue to be available at relatively good prices 
in most years (113). One logical result of that assumption 
would be to depend on PL-480 wheat to reduce the risk of 
embarking on a program to reduce wheat area. Of course, any 
active program to reduce wheat area should be accompanied by 
an active program to improve wheat yields. This action has 
been called for in both the first and second 5 year develop­
ment plans (1962-67 and 1967-72); however, very little has 
been done. 
Part of such a policy would of course be to determine 
what the optimum level of wheat production shouldbe. One 
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answer is self-sufficiency in average years and that imports 
or withdrawal from stocks be used to supplement poor crops. 
A second target would be self-sufficiency only in good years 
and imports the rest of the time. As mentioned, the Turkish 
populace is extremely sensitive about the size the wheat crop 
and what it means regarding flour availability, thus the 
latter target is politically more risky. 
As a criteria that could be used to judge the optimum 
strategy, one could use the marginal trade off ratio between 
governmental expenditures and foreign exchange earnings. 
Though PL-480 wheat costs foreign exchange, it usually re­
turns a profit to the government under normal world prices, 
because PL-480 wheat is sold at prices significantly above 
world prices in the internal marketing system. Ultimately, 
governmental investment opportunities have to be considered 
funds away from development projects. With profits from 
PL-480 shipments, these subsidies would be smaller or non­
existent and as a consequence more money would be available 
for investment purposes. How much importance to attach to 
the criteria would be, of course, a subjective judgment by 
the Government of Turkey; however one item that should enter 
the calculation is that the immediate foreign exchange cost 
of PL-480 imports is relatively low because of favorable credit 
terms. As a consequence, if profitable intermediate run, say 
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3-5 years, investments are available, and sources of govern­
mental revenue for investment are not available, then PL-480 
imports may actually improve the intermediate foreign ex­
change situation because funds will be released since TMO 
will require less subsidies. 
If Turkey were to adopt a policy of depending on the 
PL-480 program to provide wheat in short crop years, it would 
mean some valuable foreign exchange would have to be available, 
and at times, used. This might involve some difficulty be­
cause Turkey normally runs a deficit in its balance of trade, 
with the result that at times foreign exchange is not readily 
available. However, in the past 4 years, Turkey's inter­
national liquidity position has improved to such an extent 
that foreign exchange can be readily obtained by the TMO 
(68), and other government agencies concerned with develop­
ment. The basis for this improved liquidity position is the 
increase in capital inflows for investment purposes. Re­
mittances of Turkish citizens working abroad are another 
valuable source of foreign exchange. Thus, since the foreign 
exchange can be obtained and food (especially wheat) can be 
obtained, it might be well for Turkey to immediately and 
actively push the policy of encouraging wheat land to shift 
to feed production. As noted, a change in the size of the 
wheat crop has important political considerations; however, 
if the government maintains adequate supplies at all times. 
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major criticism should be averted. 
3. Implications for development 
Some of the important aspects of the alternative policy as 
it relates to development have already been mentioned. (A) 
There would be foreign exchange costs but these would be 
relatively low during the next 5 years. (B) Importation 
under PL-480 could release some money for specific projects. 
(C) The policy would conform to the thinking that underlies 
the published development plan. 
Also mentioned was the fact that some land released from 
wheat production would go into producing feed crops such as 
barley or pasture, either of which would stimulate meat 
production. World demand prospects for beef are quite good 
and some of this beef could move into export markets if the 
domestic market didn't absorb it all (113). One immediate 
export market that Turkey could tap is Italy's demand for 
feeder calves, which in recent years has been supplied by 
Yugoslavia but which in the past year has been stopped to en­
able Yugoslavia to meet its own meat production goals (24). 
However, with current rapid growth in the economy and rapid 
urbanization, it seems likely that the domestic market for 
meat will absorb any increases in production during the 
foreseeable future. A second aspect of a policy to reduce 
wheat area is that it need not be accompanied by a decrease in 
181 
wheat production. It is generally recognized that Turkish 
wheat production could be increased by using a better package 
of management techniques (72). Two of the major items that 
might be included are use of more fertilizer and better weed 
control on summerfallow, allowing better moisture conserva­
tion and consequently higher yields the following year. 
Several other measures that could be taken include 
varietal imporvement, better water management (conservation 
practices), and increased use of pesticides. A recent task 
force study indicates that wheat yields could te increased as 
much as 50 percent just through the use of a package of im­
proved cultural practices including better varieties and 
application of adequate quantities of fertilizer (72). Also, 
the Turkish Government might get farmers to adopt these new 
practices considerably faster if price guarantees were an­
nounced before planting rather than just before harvest. 
4. Foreign trade implications of the alternative policy 
As mentioned, a policy of reducing wheat area could have 
important effects on the balance of trade during the im­
mediate future. If supply and demand are relatively balanced 
under current yields and area and if there were a 10-percent 
reduction in area accompanied by a 10-percent drop in yields 
due to bad weather, then a relatively high level of imports 
would be required. This would cause a considerable increase 
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in imports; however, the immediate foreign exchange outflow 
would be considerably less. 
A longer run implication for foreign exchange involves 
the question of to what the land is to be shifted. If the 
policy results in significantly larger meat production, 
it seems likely that the net effect on the balance of trade 
would be positive. 
5. Implications for affected producers 
Affected producers would require help in adjusting to 
the new policy. Quite simply reducing the area planted to 
wheat would have a tendency to reduce farm income, at least 
in the short-run. Most wheat is grown on the Anatolian 
Plateau and wheat production is the dominant farm enterprise. 
Barley, though grown, is much more limited in area. Thus, in 
some regions with low soil fertility, large areas of land would 
be shifted. In these regions, it probably would be necessary 
for the government to provide supplemental income payments to 
affected farmers. These payments could be of a temporary 
nature since other crops and improved wheat yields would tend 
to replace lost income. 
A second measure that could be introduced to aid affected 
farmers would be a crop insurance program. Such a program 
could be self-supporting if it were introduced on a national 
scale or it could be government subsidized and used as an 
income supplement in areas where yields have wide fluctuations. 
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A crop insurance program would be an aid in getting farmers 
to adopt yield-increasing new technology because, from their 
point of view, use of new technology almost always increases 
subjective elements of risk. This would be partially offset 
if some yield (income level) was guaranteed. 
C. Inferences for U.S. PL-480 Policy 
The policy alternatives mentioned above have been directed 
solely towards the Turkish Government. However, the results 
from the analytical section and the policy alternatives for 
Turkey also have important implications for U.S. policy. 
Political considerations aside, what are some means by which 
the PL-480 program could be changed to better serve as an aid 
to development. This topic has been discussed in detail by 
various experts concerned with development (for example, 
see references (6, 11, 39, 61, 71, 100, 118 and 120). 
The purpose of this section is not to retrace that ground 
but to discuss only the direct implications of this study. 
First and very obvious, to facilitate emergency pur­
chases by Turkey and other countries, it would be necessary 
to have quantities of wheat available for shipment under 
PL-480. At the present time (October 1973), Turkey has 
suffered a shortfall in wheat production, and during the 
1973/74 crop year, U.S. shipments under PL-480 will be very 
limited due to strong commercial demand. Presently, there is 
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serious discussion in both national and international circles 
as to what a prudent storage policy should include. Of 
course, the implication here is that as any U.S. storage 
policy would include a special provision for meeting PL-480 
shipments along with the ability to supply fluctuations in com­
mercial demand. The two storage functions should be complete­
ly separated to avoid the present situation, where demand for 
PL-480 wheat is very high but availability is very low. 
The analytical section indicated that though small ship­
ments under PL-480 do have a tendency to depress production, 
Turkey, and probably other countries, do have ways of econo­
mizing on wheat use in years when a shortfall arises. Thus, 
a second implication for U.S. policy is that it is not al­
ways necessary or even desirable that PL-480 wheat is used to 
make up 100 percent of any production shortfall. A more 
logical criterion would be to limit PL-480 shipments to the 
level needed to prevent serious political unstability, to 
prevent serious damage to development plans, or to prevent 
major nutritional shortfalls. 
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IX. SUMMARY AND CONCLUSIONS 
A. Review of the Analytical Section 
The primary objective of this study was to estimate the 
effect PL-480 shipments have had on domestic wheat production 
in Turkey and the implications of these effects for develop­
ment plans. The Republic of Turkey was chosen because, 
though it has been a major recipient of PL-480 commodities, 
especially wheat, research efforts on the effects of PL-480 
have largely ignored it, usually in favor of India and Pakis­
tan. 
Turkey ranks among the top ten wheat producing countries 
in the world. However, most of Turkey's wheat is grown in 
regions where precipitation levels are on the low margin 
necessary for good yields. In addition to the low annual 
level of precipitation, monthly distribution tends to be 
rather erratic. Compounding the general problem created by 
weather conditions, Turkish agriculture is relatively un-
mechanized, with the result that farm operations cannot take 
full advantage of favorable weather conditions. 
The large variation in production due to weather made 
it necessary to isolate weather effects before attempting to 
isolate production effects resulting from shipments under 
PL-480. Isolation of the weather effects facilitated meeting 
the secondary objective which was to develop the capability 
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to provide estimates of production earlier in the season than 
currently available. Earlier estimates of production would 
allow more efficient scheduling of needed imports. It would 
also increase the flexibility of development planners to choose 
the method of meeting the shortfall that minimizes disruption 
of development plans. 
Development of a model to isolate the effects of PL-480 
imports on production involved the following two steps: 
(a) Construction of a model to explain variations in 
production, and 
(b) Integration of the production model with other 
supply variables and then combining all supply 
factors with a demand function to form a market 
clearing relationship. 
Once developed, the model was used to measure the impact 
on production of a 1-percent change in the proportion of 
domestic availability made up of PL-480 imports. The results 
obtained in this study were similar to those obtained for 
India by comparable methodology (120). The model indicated 
that the 1-percent change mentioned above would be associated 
with only a very small change in production in the following 
year. Elasticity estimates made for this study indicated 
production would change less than 0.2 percent for each per- • 
centage change in the proportion of wheat availability made 
up by PL-480 imports. If one applies demand and income 
elasticity estimates more in line with research in other 
countries, say -0.4 and -0.2, respectively, then a 0.39 
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percent production decline would be expected from a 1-percent 
change in the proportion of domestic availability supplied 
by PL-480 wheat. 
Shipments under PL-480 have not followed any sort of 
regular pattern. During the 1954-68 period, PL-480 wheat 
imports ranged from 0.3 to 20.5 percent of domestic dis­
appearance with an average of approximately 5 percent. If 
one assumes 5 percent represents a normal level of PL-480 
imports, then the largest deviation was approximately 15 
percent in 1961. The model indicated a 3-percent production 
decrease could result from such large shipments. However, 
the probable reason production didn't drop after 1961 is that 
there was a sharp upward revision of the support price, which 
was incorporated into the expected price. In other words, 
a large input level which should have lead to a decrease in 
expected prices may have been offset by government action to 
keep producer prices high. Also, operation of the price 
support program tends to keep wholesale prices high, which 
affects price expectations. 
Turning to the secondary objective, statistical analysis 
of the variables affecting wheat yields indicated that weather 
conditions during winter (January-February) and late spring 
(May-June) have a significant impact on wheat yields. A 
third variable of major importance was the level of fertilizer 
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application. The use of these variables provided a yield 
forecasting equation that gave yield forecasts with an 
acceptable range of variation. 
The forecasting equation developed for planted area was 
based on variables for area planted in the previous year, price 
during the previous year, and trend. Only area planted in the 
previous year proved to be statistically significant. Though 
not significant at commonly accepted levels, the price vari­
able was retained in the equation because it conforms to 
economic logic in that it influences (allows) year-to-year 
shifts in area planted. In 18 of the 20 years under analysis, 
the equation provided estimates that differed from reported 
area by less than 5 percent. 
The independent estimates of the yield and area fore­
casting equations were then combined to provide estimates of 
production. The study also developed a forecasting equation 
that estimated production directly, using essentially the same 
set of variables that were used in both the yield and area 
equations. A comparison of production estimates indicated 
that both methods gave estimates that had relatively the same 
degree of accuracy. The final equation for estimating 
production directly was; 
Wp = 217 + 0.94At_i - 12.lXg + 78.8X^2 + 0.89X^2 
Where Wp represents wheat production, represents wheat 
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area the previous year, Xg is the January-February aridity 
index, the May-June aridity index, and X^^ represents 
the level of fertilizer use. Complete development and use of 
this and alternative equations is specified in the text. 
An aridity index of the general form: 
precipitation 
temperature 
was used to capture the effect of weather. Use of this index 
has an advantage over use of a precipitation variable alone 
in that it indicates that temperature, through its effect on 
evaporation, also affects availability of moisture for plant 
growth. Average monthly precipitation and temperature data 
were used to calculate the index. Two- and three month indexes 
were calculated from the monthly data. Tests involved use of 
the precipitation variable alone, the monthly indexes, and the 
two- and three-month combinations. 
One of the implications of the analysis is that Turkey is 
in a position to actively consider implementing its policy of 
shifting some of its Wheatland into production of livestock. 
One aspect of that policy is that Turkey could use PL-480 im­
ports to reduce foreign exchange costs in year when imports 
are required. A second aspect of the alternative policy is 
that Turkey has the potential to increase average wheat 
yields and any program to limit wheat area could be coupled 
to an active program to increase average yields. Of course 
part of these considerations must involve research to define 
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costs and benefits of adopting such a policy. 
B. Areas for Further Research 
Further research to extend the secondary objective of this 
study would need to concern itself with two of the major prob­
lems faced by this study, data quality and production response. 
Turkish data are admittedly poor; however, the study preceded 
on the assumption that variables in the production series rep­
resented relative variations if not actual ones. Also, in 
Turkey, a breakdown of fertilizer use by crop would facilitate 
estimate of production response to fertilizers application 
rates. 
Though it did not cause problems for this study, an area 
of future importance is the effect of new wheat variations. 
Data used in most of the analytic sections of this study 
stopped with 1968; however, since 1968 high-yielding "Mexican" 
varieties of wheat have been introduced throughout the 
country. In the coastal and in some interior areas where 
precipitation is adequate, these Mexican wheats have proved 
to be considerably superior to domestic varieties. However, 
under the more arid conditions of the Anatolian Plateau; tests 
of the Mexican wheat have not always shown any clearcut 
yield advantage. A new development beginning in 1970 has been 
the introduction of several variations of Russian wheat which 
appear to do well on the Plateau. Reportedly, yield tests 
indicate a 50-percent advantage for the Russian varieties (72) . 
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As measured here, the timing of production response to 
price is one of the weak links of the study. The study indi­
cated that Turkish wheat producers respond only very slowly 
to new price relationships. Related to the problem is the 
fact that it was not possible to statistically establish a 
competitive relationship between wheat and another crop. 
National production figures indicate that barley provides 
most of the competition wheat faces on the production side. 
It may be that this lack of quick response is related to the 
lack of competition between crops. Another related area where 
more research could be used is development of a new system of 
specifying how existing and past prices are incorporated 
into methods of calculating expected prices. 
This paper has touched on various policies which might 
aid development, but at the present time little can be 
said about the full economic impact of adopting them. The 
policy of reducing wheat area would require research to 
evaluate several factors. (1) The optimum level of wheat 
land would need to be determined. This would have to be an 
interdisciplinary-type research since it seems very likely 
that conservation and other aspects of soil science may be 
just as important as economics. As part of determining the 
optimum level to produce, one would also have to consider 
feasible alternative crops. (2) A second research area would 
be evaluation of alternative crops in regard to their contribu­
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tion to development. Special emphasis should be given as to 
how these crops would affect foreign trade and domestic em­
ployment. (3) Another area that would require research is the 
impact of the policy on affected farmers and their families. 
(4) A fourth research area would be a study of the factors 
that influence farmers to adopt or not adopt yield-increasing 
technologies as fast as they became generally available. As 
part of that, the government can study its own methods in re­
gard to motivating the individual producer. The program to 
introduce high-yielding varieties of.dwarf wheat is one 
successful program that might be examined for applicability 
of the methodology to other situations. 
As a related area, the program for research in the 
economics of livestock and farm management should be upgraded. 
These would include studies of stocking rates, regional feed 
production and availability, livestock feeding efficiency, 
the economics of fattening (feeding) young stock, and so forth. 
As part of this, research should be started regarding future 
livestock markets. Such research should include an evaluation 
of the potential export markets, especially in nearby 
countries. 
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XII. APPENDIX A 
A. Calculation of Weather Indexes 
Weather variables used in the yield and production equa­
tions require mean monthly temperature for January, February, 
May, and June from the Ankara weather station. The monthly 
aridity indexes are found according to I = 12P/(T + 10), where 
P represents precipitation in millimeters and T represents 
temperature in degrees centigrade. For example, the January 
1970 temperature of 4.2° C, with precipitation of 47.5 milli­
meters gives 570.0/14.2 or 40.1. By the same method an index 
value of 49.4 is obtained for February. For May and June 1970 
the indexes are 6.9 and 12.0, respectively. 
In combining the months, monthly data were weighted by 
the ratio of their variances, which for January and February 
was approximately 2.5:1. In May and June the ratio was 2:1. 
These ratios do not change from year to year. Thus, January-
February index is 45.4—(2.5 x 47.5 + 40.1)/3.5 = 45.4. 
Similarly for May and June, the value is 8.6—(2 x 6.9 + 
12.0)/3 = 8.6. By the same methodology, the 1969 January-
February index is 85.7 and the May-June index is 21.4. These 
values are now ready to be used in the estimation equations. 
If an estimate is desired before June data is available, a 
June index value calculated from the long term average 
temperature of 20.0 and precipitation of 30.6 can be used 
210 
since they are the expected values. The resulting June 
index of 9.2 can then be used until June data is available. 
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XIII. APPENDIX B 
Supplemental Tables 
Table Bl. Turkish wheat: Comparison of national yield, national yield as function 
of plow numbers, and national yield as a percent of trend, 1934-38 
and 1946-68 
Year Iron plows Yield* 
Y, 
Normal, 
yield' 
Percent 
,c 
normal 
Y2 
Trendy 
yield^ 
Y3 
Percent 
. ,e trend 
Yd 
Normal 
yield-2^ 
^5 
Trend 
yield-2^ 
*6 
(1000 units) (Kg/hectare) 
1934 
1935 
266 
325 
860 
735 
872 
886 
% 
98.6 
82. 9 
(Kg/hectare) % 
880 
888 
97.7 
42.8 
(Kg/hectare) 
_h 
1936 410 1092 904 120.7 896 121.9 - -
1937 420 1119 908 123.2 903 123.9 - -
1938 430 1117 910 122.7 911 122.6 - -
1939 430 1042 910 114.5 918 113.5 - -
1940 440 928 912 101.8 926 100.2 — -
1941 440 792 912 86.8 934 84.8 — — 
1942 440 975 912 106. 9 941 103.6 - -
^National yields in kg. per hectare. 
^Normalized national yield as a function of plow numbers—the estimating equa­
tion was Yfj=809.49 + 0.2346Xj^ where is the number of steel plows. r2= .25 
SY^ = 152.0, 1934-68 data. 
^The actual national yield (Y^) as a percent of the normalized national yield 
(Y^,) , i.e. Y2= Y^/Y^ X 100. 
'^Trend values of the actual yield, 1934-68 data. 
®The actual yield as a percent of the trend yield, Y^ = Y^/Y^ x 100. 
^Normalized national yields as a function of plow numbers—the estimating equa­
tion was Y = 724 + .31X, 1946-68 data. 
^Trend values of the actual yield, 1946-68 data. 
Indicates numbers outside the range of calculation. 
Table Bl (Continued) 
Year Iron plows 
Yield* Nprmal 
1 -N 
Percent 
of 
normal^ 
Y2 
Trend, 
yield^ 
^3 
Percent 
of e 
trend 
(1000 units) (Kg/hectare)% (Kg/hectare) % 
Normal ^ Trend 
y^pld-2 yi^ld-2 
(Kg/hectare) 
1943 440 1000 910 110. 1 949 105. 6 - — 
1944 430 841 910 92. 4 956 88. 0 — — 
1945 430 585 910 64. 3 964 60. 7 
1946 500 952 926 102. 8 971 98. 0 879 901 
1947 600 777 949 81. 9 979 79. 4 910 914 
1948 684 1086 961 113. 0 987 110. 0 936 927 
1949 700 628 973 64. 5 994 63. 2 941 940 
1950 750 864 985 87. 7 1002 86. 2 957 953 
1951 800 1169 997 117. 2 1010 115. 7 972 966 
1952 853 1194 1009 118. 3 1017 117. 4 988 978 
1953 900 1248 1020 122. 4 1025 121. 8 1003 991 
1954 958 765 1034 74. 0 1032 74. 1 1021 1004 
1955 1026 977 1050 93. 0 1040 93. 9 1042 1017 
1956 1033 872 1050 82. 9 1048 83. 2 1044 1030 
1957 1012 1159 1046 110. 8 1055 109. 8 1038 1043 
1958 1058 1147 1057 108. 5 1063 107. 9 1052 1056 
1959 1129 1042 1074 97. 0 1071 97. 3 1074 1069 
1960 1159 1097 1081 101. 5 1078 101. 8 1083 1082 
1961 1169 907 1083 83. 7 1086 83. 5 1086 1095 
1962 1210 1083 1093 99. 1 1093 99. 1 1099 1108 
1963 1237 1273 1099 115. 8 1101 115. 6 1107 1120 
1964 1323 1054 1120 94. 1 1109 95. 0 1134 1133 
1965 1380 1075 1133 94. 9 1116 96. 3 1152 1146 
Table Bl (Continued) 
Year Iron plows Yield Yl 
cl Normal 
yieldb 
Percent 
,c 
normal 
12_ 
Trend 
yieldd 
Percent 
of e 
trend 
^4 
Normal . 
yield-2^ 
*5 
Trend , 
yield-2 
(1000 units) (Kg/hectare) % (Kg/hectare) % 
1966 1445 1208 1148 105.2 1124 107.5 
1967 1446 1250 1149 108.8 1131 101.5 
1968 1447 1154 1149 100.4 1139 101.3 
(Kg/hectare) 
1172 
1172 
1173 
1159 
1172 
1185 
Table B2. Turkey wheat; Actual, estimated, and residuals 
for yield, area, and production, 1949-68 
Year Actual yield^ 
Estimated 
yield^ 
Residual 
yield 
Actual 
area 
Estimated 
areac 
(Kg per hectare) (1,000 hectares) 
1948 1,086 1,123 -37 4,538 4,477 
1949 628 810 -182 4,008 4,930 
1950 864 818 46 4,477 4,410 
1951 1,169 1,077 92 4,790 4,927 
1952 1,194 1,215 -21 5,400 5,171 
1953 1,248 1,183 65 6,410 5,754 
1954 765 845 -80 6,405 6,662 
1955 977 1,025 -48 7,060 6,717 
1956 872 915 -43 7,335 7,483 
1957 1,159 1,184 -25 7,157 7,411 
1958 1,147 989 158 7,450 7,285 
1959 1,042 958 84 7,535 7,537 
1960 1,097 977 120 7,700 7,572 
1961 907 1,107 -200 7,717 7,772 
1962 1,083 930 153 7,800 7,867 
1963 1,273 1,253 20 7,850 7,972 
1964 1,054 1,130 -76 7,870 7,978 
1965 1,075 1,154 -79 7,900 8,122 
1966 1,208 1,195 13 7,950 8,078 
1967 1,250 1,208 42 8,000 8,150 
1968 1,154 1,158 -4 8,250 8,183 
1969 1,230 1,272 -42 8,660 8,410 
1970 1,163 1,194 31 8,616 8,786 
1971 1.552 1,461 91 8,700 8.741 
^Source of actual yield, actual aiea and actual pro­
duction figures are from (130). 
^Estimated by Equation 45, p. 130. 
^Estimated by Equation 46, p. 131. 
'^Estimated by Equation 47, p. 132. 
^Implied production is the product of estimated yield and 
estimated area. 
sidi 
rea 
61 
922 
67 
137 
229 
656 
257 
243 
148 
255 
165 
- 2  
138 
•154 
-67 
122 
108 
222 
128 
•150 
67 
250 
•170 
-41 
216 
Actual Estimated Residual Implied Residual 
pro- ^ pro- ^  pro- pro- ^  pro-
duction duction duction duction duction 
(1,000 metric tons) 
4,867 5,388 521 5,028 161 
2,517 3,648 -1131 3,993 -1476 
3,872 3,408 464 3,607 265 
5,600 5,384 216 5,306 294 
6,447 6,685 -238 6,283 164 
8,000 7,040 960 6,842 1158 
4,900 5,734 -834 5,629 -729 
6,900 6,811 89 6,885 15 
6,400 6,725 -325 6,847 -447 
8,300 8,795 -495 8,775 -475 
8,550 7,320 1230 7,205 1345 
7,852 7,428 424 7,220 632 
8,450 7,568 882 7,398 1052 
7,000 8,656 -1656 8,604 -1604 
8,450 7,415 1035 7,316 1134 
10,000 9,850 150 9,989 11 
8,300 8,921 -621 9,015 -715 
8,500 9,136 -636 9,373 -873 
9,600 9,460 140 9,653 -53 
10,000 9,588 412 9,845 155 
9,520 9,586 —66 9,476 44 
10,500 9,997 503 10,696 -196 
10,000 10,150 -150 10,490 490 
13,500 12,381 1119 12,771 729 
